
! "!

#$%&$'(!)*+!,-)*+./(0*-1!2*..$-(!*-!30-/-40/5!,-'(0(&(0*-'6!7'$!*)!

8+(0)040/5!,-($5509$-4$:!0-45&;0-9!</4=0-$!>$/+-0-9!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!"#$%&'()%&*&+%%

•! ?*4@$(!,?!A22BCDCDBDDEF!

2=0$)!2*&-'$56'!A))04$!!

8(($-(0*-1!2*..$-(!G+*4$''0-9!

!""#$%&'"&()%&*'+,(-'..%-&'"&()%&*/--%0$1&&

EDD!H(=!I(+$$(!IJ!

I&0($!KLBC"M!

J/'=0-9(*-:!?2!CDC"F!!

•! ?*4@$(!N*O!AGB"HEK!

8--!LO!<0'P/4@!

I$4+$(/+Q!

2'3-4&'"&5'6%-0'-7&'"&()%&8%4%-3.&9%7%-6%&:17(%+!!

CD(=!I(+$$(!/-;!2*-'(0(&(0*-!8R$-&$!NJ!!

J/'=0-9(*-:!?2!CDSS"!!

•! #,N!KDTEBU8CE!

V/.$'!GO!I=$$'5$Q!

8''0'(/-(!LW$4&(0R$!I$4+$(/+Q!

8(($-(0*-1!2*..$-('B#,N!KDTEBU8CE!

8%4%-3.&;%,'7#(&<07/-30$%&*'-,'-3(#'0&&

SSD!"H(=!I(+$$(!NJ!

J/'=0-9(*-:!?2!CDECF!!



! C!

!

•! ?*4@$(!N*O!23GXBCDC"BDDDE!

2*..$-(!,-(/@$!

2/-%3/&'"&*'07/+%-&8#030$#3.&=-'(%$(#'0&&

"HDD!Y!I(+$$(!NJ!

J/'=0-9(*-:!?2!CDSSC!!

•! ?*4@$(!N*O!N278BCDC"BDDCK!

<$5/-$!2*-Q$+'B8&'P+**@'!

I$4+$(/+Q!*)!(=$!X*/+;!

>3(#'03.&*-%4#(&?0#'0&@4+#0#7(-3(#'0!

"HHS!?&@$!I(+$$(!!

85$W/-;+0/:!Z8O!CCK"EBKECM!!

!

I&P[$4(1!#$%&$'(!)*+!,-)*+./(0*-!B!2*..$-(!*-!30-/-40/5!,-'(0(&(0*-'6!

7'$!*)!8+(0)040/5!,-($5509$-4$:!0-45&;0-9!</4=0-$!>$/+-0-9!

?$/+!8;.0-0'(+/(*+':!

J$!\$54*.$!(=$!*]]*+(&-0(Q!(*!4*..$-(!*-!^30-/-40/5!,-'(0(&(0*-'6!

7'$!*)!8+(0)040/5!,-($5509$-4$:!0-45&;0-9!</4=0-$!>$/+-0-96O!J$!*+9/-0_$;!

*&+!+$']*-'$!/'!)*55*\'1!!

@A!<0(-'4/$(#'0&('&9%B/.3('-1&C/%7(#'07&

2A!D%-0%.&:/--'B3(%&8/0$(#'07&&

*A!9%B/.3('-1&C/%7(#'07&&

,O! LW]5/0-/P050(Q!`a&$'(0*-'!"!(*!Kb!



! K!

,,O! #0'@'!)+*.!X+*/;$+!*+!<*+$!,-($-'0R$!?/(/!G+*4$''0-9!/-;%

7'/9$!`a&$'(0*-'!E!/-;!Sb!!

,,,O! AR$+)0((0-9!`a&$'(0*-!Tb!

,ZO! 2QP$+'$4&+0(Q!#0'@!`a&$'(0*-!Hb!

ZO! ?Q-/.04!7];/(0-9!`a&$'(0*-!Mb!

Z,O! 8,!7'$!PQ!2*..&-0(Q!,-'(0(&(0*-'!`a&$'(0*-!Fb!

Z,,O! AR$+'09=(!*)!c=0+;!G/+(0$'!`a&$'(0*-!"Db!

Z,,,O! 3/0+!>$-;0-9!`a&$'(0*-'!""!(*!"Sb!!

,dO! 8;;0(0*-/5!2*-'0;$+/(0*-'!`a&$'(0*-'!"T!/-;!"Hb!

;A!*'0$./4#0B&*'++%0(7&&

EA!@/()'-7&F?+O!#*P$+(!</+@!e!?+O!Y/+Q!N/-!c0$G&&

G5$/'$!'=/+$!*&+!+$']*-'$!\0(=!Q*&+!+$']$4(0R$!+$9&5/(*+Q!/9$-40$'O!

@A!<0(-'4/$(#'0&('&9%B/.3('-1&C/%7(#'07&&

A&+!+$']*-'$!(*!(=$!#$9&5/(*+Q!a&$'(0*-'!0'!9&0;$;!PQ!(=$!-*(0*-!(=/(!

/-!8,!.*;$5!-$$;'!(*!P$!45$/+5Q!$W]5/0-$;!/-;!)0(!)*+!]&+]*'$O!

8,!.*;$5'!/+$!&'$;!(*!$W]5/0-!;/(/!/'!\$55!/'!(*!./@$!]+$;04(0*-'O!?/(/!

0'!&'&/55Q!4*55$4($;!)+*.!*P'$+R/(0*-'!*+!$W]$+0.$-('O!8''*40/($;!\0(=!

$/4=!;/(/!]*0-(!0'!&'&/55Q!/!5/P$5!R/5&$O!,-!*(=$+!\*+;':!$/4=!0-]&(!0'!

/''*40/($;!\0(=!/-!*&(]&(O!!



! E!

A-$!4=/55$-9$!0-!./@0-9!]+$;04(0*-'!)+*.!/-!8,!.*;$5!0'!(*!4*-'(+&4(!/!

)&-4(0*-!)+*.!0-]&('!(*!*&(]&('!\=04=!P$=/R$'!+$/'*-/P5Q!P/'$;!*-!

$W0'(0-9!0-]&('!/-;!\055!./@$!]5/&'0P5$!]+$;04(0*-'!*)!*&(]&('!*-!/'!Q$(!

&-'$$-!0-]&('O!c=$!+$/'*-/P5$-$''!/-;!]5/&'0P050(Q!0'!\=$+$!

]/+'0.*-0*&'!.*;$5!'$5$4(0*-!4*.$'!0-O!

!

8!]/+'0.*-0*&'!8,!.*;$5!4=*04$!$.P*;0$'!/-!$4*-*.Q!*)!

4*-4$](&/50_/(0*-!\=$+$0-!\$!/R*0;!$0(=$+!P$0-9!&--$4$''/+05Q!

$5/P*+/($!*+!P$0-9!(**!'0.]50'(04O!J$!4=**'$!/!]/+'0.*-0*&'!8,!.*;$5!

0-!($+.'!*)!*-5Q!(=/(!\=04=!0'!-$$;$;!(*!&-;$+'(/-;!*&+!]+*P5$.!/-;!

+*P&'(5Q!$W(+/]*5/($O!XQ!;*0-9!'*:!\$!P$(($+!&-;$+'(/-;!/-;!.0(09/($!

.*;$5!+0'@O!

!

G/+'0.*-Q!0'!4*-($W(!;$]$-;$-(O!J=/(!0'!4*.]504/($;!0-!*-$!

)+/.$\*+@!./Q!P$!'0.]5$+!0-!/-*(=$+O!3*+!$W/.]5$:!;&/50(Q!0'!(=$!

-*(0*-!*)!/!P0;0+$4(0*-/5!+$5/(0*-'=0]!(=/(!&]*-!+*&-;!(+0]!0'!'*.$=*\!

$%&0R/5$-(!(*!(=$!'(/+(0-9!]*0-(O!!I*.$(0.$'!/!;&/5!]+*P5$.!0'!$/'0$+!(*!

'*5R$!(=/-!(=$!*+090-/5O!!8!]+*(*(Q]$!$W/.]5$!0'!(=$!&'$!*)!>/]5/4$!

(+/-')*+.'!0-!'*5R0-9!;0))$+$-(0/5!$%&/(0*-'O!!I*:!\=05$!$R$+Q(=0-9!

'=*&5;!P$!/'!'0.]5$!/'!]*''0P5$!/-;!-*(!'0.]5$+!0(!'=*&5;!/5'*!P$!

4*-($W(!;$]$-;$-(!!!!

!



! S!

c=$!+09=(!;$)0-0(0*-'!/+$!4+&40/5!0-!4+$/(0-9!4*-($W(O!!c*!]/+/]=+/'$!

</-0-":!=/R0-9!(=$!+09=(!;$)0-0(0*-'!0'!.*+$!0.]*+(/-(!(=/-!=/R0-9!

]+**)'!P$4/&'$!+$'&5('!/+$!/5.*'(!*PR0*&'!\0(=!(=$!+09=(!4*-4$](&/5!

)+/.$\*+@O!!G/+'0.*-Q!4/-!'*.$(0.$'!P$!/4=0$R$;!PQ!=/R0-9!(=$!+09=(!

]$+']$4(0R$O!!J=/(!0'!4*-'0;$+$;!+09=(!$R*5R$'!*R$+!(0.$![&'(!/'!

4*-'$-'&'!*-!/!4*++$4(!./(=$./(04/5!]+**)!=/'!$R*5R$;!*R$+!(0.$O!

!

J$!=*]$!(=/(!*&+!+$']*-'$!]+*R0;$'!R/5&$!)*+!/55!0-($+$'($;!

'(/@$=*5;$+'!\=*!-$$;!(*!/;;+$''!8,!.*;$5!+0'@O!!J$!+$4*9-0_$!(=/(!

R/+0*&'!'(/@$=*5;$+'!=/R$!;0))$+$-(!/-/5Q(04/5!4/]/P050(0$'!/-;!(=$+$)*+$!

=/R$!'(+&4(&+$;!*&+!+$']*-'$!(*!+$/4=!*&(!(*!/55!'(/@$=*5;$+'!!!

0-;$]$-;$-(!*)!(=$0+!/-/5Q(04/5!'@055'O!!

J$!0-(+*;&4$!(=$!0;$/!*)!'&++*9/($!/-/5Q'0'!/-;!/+$!9&0;$;!PQ!(=0'!

(=$.$!'0-4$!0(!-/(&+/55Q!(=+$/;'!(*9$(=$+!0-!/!4*=$+$-(!\/Q!*&+!

+$']*-'$'!(*!$/4=!*)!(=$!"H!#$9&5/(*+Q!a&$'(0*-'O!

!

J$!]+$]/+$;!/!ae8!(*!)&+(=$+!$5/P*+/($!\=Q!'&++*9/($'!]+*R0;$!/!

4*..*-!9+*&-;!/'!)*55*\'1!!

a"1!J=/(!0'!/!'&++*9/($f!

                                                
1 </-0-:!gO:!`"FFMb:6!,-($++$5/(0*-'!P$(\$$-!</(=$./(04'!/-;!G=Q'04'6:!I*40$($!</(=$./(0%&$!

;$!3+/-4$O</-0-!'(/($'!(=/(!h855!(=$!*(=$+!R$=045$'!*)!./(=$./(04/5!+09*+!/+$!'$4*-;/+Q!i(*!

;$)0-0(0*-'j:!$R$-!(=/(!*)!+09*+*&'!]+**)Ok!



! T!

8"1!8!'&++*9/($!0'!/!)&-4(0*-!(=/(!]/+'0.*-0*&'5Q!/]]+*W0./($'!/-!

*P[$4(0R$!)&-4(0*-!*)!0-($+$'(:!50@$!/!P5/4@BP*W!8,!/59*+0(=.O!

!

aC1!J=/(!;*$'!/!'&++*9/($!;*f!

8C1!8!'&++*9/($!0'!;$'09-$;!(*!./@$!'$-'$!*)!\=/(!/-!*P[$4(0R$!

)&-4(0*-!0'!;*0-9:!$']$40/55Q!0)!0(!0'!4*.]5$W:!4*.]&(/(0*-/55Q!

$W]$-'0R$:!*+!]+*]+0$(/+QO!!

!

aK1!J=Q!&'$!/!'&++*9/($f!

8K1!XQ!&-;$+'(/-;0-9!\=/(!/-!*P[$4(0R$!)&-4(0*-!0'!;*0-9:!/!

'&++*9/($!)&+(=$+!$-/P5$'!$W/.0-/(0*-!*)!/-!*P[$4(0R$!)&-4(0*-6'!

]+$;04(0R$-$'':!+*P&'(-$''!/-;!)/0+-$''O!!

!

aE1!J=/(!/+$!'&++*9/($'!&'$;!)*+f!

8E1!I&++*9/($'!/+$!&'$;!)*+1!

•! R$((0-9!P5/4@BP*W!.*;$5!]$+)*+./-4$:!]+$;04(0R$-$'':!

+*P&'(-$'':!/-;!)/0+-$''!!

•! *](0.0_0-9!=Q]$+]/+/.$($+'!

•! 4*&-($+)/4(&/5!$W(+/]*5/(0*-!

•! '(+$''!($'(0-9!

•! .*-0(*+0-9!.*;$5!;+0)(!



! H!

•! ./-/90-9!.*;$5!+0'@!

•! .*;$5!4*.]/+0'*-!/-;!P$-4=./+@0-9!

aS1!J=Q!-*(!&'$!/!'&++*9/($!/55!(=$!(0.$f!

8S1!c=$!;0'4*R$+Q!*)!;/(/!]/(($+-'!/-;!(=$0+!)0-$!;$(/05!0'!\=/(!/-!

*P[$4(0R$!)&-4(0*-!/4=0$R$'O!I&++*9/($'!4*.]5$.$-(!(=0'!PQ!

$-/P50-9!(=$!R$((0-9!/-;!&-;$+'(/-;0-9!*)!*P[$4(0R$!)&-4(0*-!

+$'&5('O!

!

c=$!'(+$-9(=!*)!50-@/9$!R/+0$'!4*-'0;$+/P5Q!P$(\$$-!/-!$W]5/-/(0*-!/-;!

\=/(!/-!8,!/59*+0(=.!/4(&/55Q!;*$'O!,-!/!]$+)$4(!\*+5;!\$!\*&5;!=/R$!/!

'40$-(0)04!(=$*+Q!\0(=!($'(/P5$!=Q]*(=$'$'!)*+!*&+!]+*P5$.!P$0-9!

4/54&5/($;!PQ!/-!8,!/59*+0(=.O!7-)*+(&-/($5Q:!(=0'!0'!-*(!/5\/Q'!(=$!4/'$!

/-;!(=$+$)*+$!\$!./@$!;*!\0(=!/]]+*/4=$'!(=/(!\$!-*\!4+0(0%&$O!

8!\$/@!)*+.!*)!$W]5/-/(0*-!0'!/-!/-/5*9Q!(=/(!'$$@'!(*!4*.]/+$!]/+(0/5!

'09-0)04/-(!'0.05/+0(0$'O!I509=(5Q!'(+*-9$+!/+$!=$&+0'(04'!\=04=!/+$!'0.]5$!

+&5$'!*)!(=&.P!5$/+-(!PQ!$W]$+0$-4$O!X*(=!/-/5*90$'!/-;!=$&+0'(04'!/+$!

4*9-0(0R$!]+*4$''$'!\0(=*&(!/!($'(/P5$!4*--$4(0*-!(*!/-!8,!/59*+0(=.:!

50@$!)*+!$W/.]5$!'(/(0'(04/5!0-)$+$-4$O!

!

I(/(0'(04/5!0-)$+$-4$!0'!9**;!)*+!=$5]0-9!&'!&-;$+'(/-;!9$-$+/5!

($-;$-40$'!P&(!/''&.$'!\$!=/R$!'*.$!@-*\5$;9$!*)!&-;$+5Q0-9!



! M!

]+*P/P050(Q!;0'(+0P&(0*-'O!8-*(=$+!4/R$/(!0'!(=/(!4*++$5/(0*-!0'!-*(!

-$4$''/+05Q!4/&'/(0*-O!<*+$*R$+:!@-*\0-9!/R$+/9$!P$=/R0*+!;*$'!-*(!

9&/+/-($$!(=/(!/-!8,!/59*+0(=.!*-!/!']$40)04!0-'(/-4$!\055!/4(!(=/(!\/QO!

!

XQ!4*-(+/'(:!'&++*9/($'!*)!8,!/59*+0(=.'!=/R$!/!'(+*-9!./(=$./(04/5!

4*--$4(0*-!\0(=!]+*R/P5$!]+*]$+(0$'O!c=0'!(+/-']/+$-4Q!$-/P5$'!8,!

R$((0-9!PQ!4*-'&.$+':!R$-;*+'!/-;!+$9&5/(*+':!(=+*&9=!4*..*-!

&-;$+'(/-;0-9!*)!\=/(!/-!/59*+0(=.!0'!;*0-9O!I&++*9/($'!/5'*!/55*\!&'!

(*!]*'$!']$40)04!^J=/(!0)f!%&$'(0*-'6:!'(+$''!($'(!8,!/59*+0(=.'!/-;!

/''$''!(=$!)/0+-$''!*+!P0/'!*)!8,!+$'&5('O!I0-4$!/!'&++*9/($!0'!/!

./(=$./(04/5!.*;$5!*)!/-!8,!/59*+0(=.!(=$+$!0'!.*;$5!+0'@:!(=/(!0'!/!

;0'4+$]/-4Q!P$(\$$-!'&++*9/($!/-;!8,!*&(]&(!(=/(!-$$;'!(*!P$!

&-;$+'(**;O!G/+'0.*-0*&'!.*;$5!'$5$4(0*-!(=/(!0'!)0(!)*+!]&+]*'$!0'!

4+&40/5O!

!

8-/5*90$':!=$&+0'(04':!'(/(0'(04/5!($'(':!/-;!./(=$./(04/5!'&++*9/($'!/+$!

/55!)*+.'!*)!$W]5/-/(0*-!*)!8,!P5/4@!P*W!+$'&5('O!J$!-$$;!(*!P$!/\/+$!*)!

(=$0+!;0))$+$-4$'!0-!50-@/9$!'(+$-9(=:!/'!\$!(+Q!(*!&-;$+'(/-;!8,!

/59*+0(=.'O&

&

2A!D%-0%.&:/--'B3(%&8/0$(#'07&&



! F!

8,!5$/+-0-9!/59*+0(=.'!(Q]04/55Q!4*-'(+&4(!(=$!P$'(!)0((0-9!)&-4(0*-!)+*.!

0-]&('!(*!*&(]&('!)+*.!/!90R$-!45/''!*)!)&-4(0*-'CO!I*:!/5(=*&9=!\$!4/-!

$W]5040(5Q!/+(04&5/($!(=$!'($]'!*)!/-!/59*+0(=.:!\$!./Q!-*(!-$4$''/+05Q!

=/R$!0-(&0(0*-!/P*&(!(=$!+$'&5(/-(!)&-4(0*-!4=*'$-O!!

!

#$4/55!)/.050/+!50-$/+!+$9+$''0*-:!)0((0-9!/!50-$!(=+*&9=!;/(/!]*0-(':!\0(=!

;$]$-;$-(!R/+0/P5$!Q:!0-;$]$-;$-(!R/+0/P5$'!W0!/-;!4*$))040$-('!!

/0:!0!l!":m:!-1!

Q!l!/"W"!n!/CWCn!m!n!/-W-!

8!-*-50-$/+!9$-$+/50_/(0*-!*)!'0.05/+!)*+.!0'!/!)&-4(0*-!90R$-!PQ!!

/!'&++*9/($!)*+.&5/!/'!)*55*\'1!!!!!!

)`_b!l!/"o`W":!_b!n!/Co`WC:!_b!n!m!n!/-o`W-:!_b!

\=$+$! _! 0'! /-! $5$.$-(! *)! (=$! ;*./0-! *)! (=$! P5/4@! P*W! /59*+0(=.!/-;!!

@$+-$5!)&-4(0*-!o`W:!_b!0'!/!;*./0-!']$40)04!.$/'&+$!*)!'0.05/+0(Q!P$(\$$-!

;/(/!]*0-('!W!/-;!_O!N*($!(=/(!)!0'!/!\$09=($;!'&.!*)!-*-50-$/+!)&-4(0*-'!

\0(=!@-*\-!\$55!'(&;0$;!]+*]$+(0$':!\=04=!\$!4/55!/!`@$+-$5b!,"--./0($1!

!

J$!=/R$!9$-$+/50_$;!(=$!50-$/+!)&-4(0*-!W0!(*!/!']$40/5!-*-50-$/+!)&-4(0*-!

o`W0:!A&b!(=/(!=/'!]+*]$+(0$'!$-/P50-9!)!(*!P$!/!'&++*9/($!)*+!/-Q!P5/4@BP*W!

/59*+0(=.!3:!(=/(!0'!(*!'/Q:!)`W0b!0'!;$'09-$;!(*!/]]+*W0./($!3`W0b!\$55:!/(!

                                                
2For example, deep learning neural networks 
!



! "D!

/55!(=$!;/(/!]*0-('!W0O! !I0.]5Q!]&(:!'&++*9/($!)&-4(0*-! )!P$=/R$'!/'! 0)! 0(!

\$+$!(=$!P5/4@BP*W!/59*+0(=.!3!*-!(=$!;/(/!'/.]5$O!!LR$-!(=*&9=!/!P5/4@B

P*W!/59*+0(=.!3!./Q!P$!4*.]5$W!*+!]+*]+0$(/+Q!0(6'!'&++*9/($!)!=*\$R$+!

0'!/!(+/-']/+$-(!$W]5/0-/P5$!]+*WQ!(=/(!4/-!+$/;05Q!P$!4*.]&($;O!!<*'(!

0.]*+(/-(5Q:!PQ!&-;$+'(/-;0-9!\=/(! (=$!'&++*9/($!;*$':!\$!4/-!./@$!

'$-'$!*)!\=/(!(=$!P5/4@BP*W!/59*+0(=.!0'!;*0-9O!

!

I]$40)04/55Q:!90R$-![&'(!/!'/.]5$!*)!8,!/59*+0(=.!0-]&(B*&(]&(!]/0+'!W0:!Q0!l!

3`W0b:!\$!)0+'(!4/54&5/($!0('!'&++*9/($!)!(*!&-;$+'(/-;!\=/(!(=$!/59*+0(=.!

3!0'!;*0-9:!\=04=!0'!;$'09-$;!'*!(=/(!)`W0b!/]]+*W0./($'!Q0!\$55O!!c=$-!(*!

./@$! '$-'$! *)! (=$! /59*+0(=.! 3:!\$! $W/.0-$! (=$! +$5/(0R$! ]*'0(0R$! /-;!

-$9/(0R$!4*-(+0P&(0*-'!*)!(=$!\$09=('!/-;!']$40/5!-*-50-$/+!)&-4(0*-'!0-!

(=$! )*+.&5/! )*+! (=$!'&++*9/($! )O! !?*./0-!@-*\5$;9$!$W]$+('!4/-! (=$-!

0-($+]+$(!/-;!/((+0P&($!'09-0)04/-4$!(*!(=$! 5/+9$+!4*-(+0P&(0*-'O! !c=0'! 0'!

=*\!\$!4/-!&-;$+'(/-;!/-;!$W]5/0-!8,!/59*+0(=.'O!

!

,-! (=$! 4*-($W(! *)! 4+$;0(! 5$-;0-9:! ]+*]+0$(/+Q! P5/4@BP*W! /59*+0(=.'! /+$!

'*.$(0.$'!&'$;!(*!./@$!4+$;0(!;$40'0*-'O!#$9&5/(*+'!=/R$!&'$;!5*90'(04!

+$9+$''0*-'! 0-! (=$! )*+.! *)! 5*90(! )&-4(0*-'! (*! $R/5&/($! '&4=! P5/4@BP*W!



! ""!

;$40'0*-'KO!c=$!&'$!*)!/!5*90'(04!+$9+$''0*-!=$+$!0'!/-!$W/.]5$!*)!&'0-9!/!

]+*WQO!A&+!'&++*9/($'!90R$-!PQ!(=$!)*+.&5/!/P*R$!0'!.*+$!9$-$+/5O!

A&+!'&++*9/($!)&-4(0*-'!/+$!/!]/+'0.*-0*&'!4=*04$!*)!/!;/(/!.*;$5!*-!/!!!!

']$4(+&.!*)!.*;$5!4*.]5$W0(Q!(=/(!\$!4/-!$W]5/0-O!A&+!'&++*9/($'!)/55!

P$(\$$-!'0.]5$!.*;$5'!50@$!50-$/+!+$9+$''0*-:!/-;!4*.]5$W!.*;$5'!50@$!

;$$]!5$/+-0-9!-$(\*+@'O!I&++*9/($'!=$5]!&'!&-;$+'(/-;!\=/(!P5/4@BP*W!

/59*+0(=.'!/+$!;*0-9O!!c=0'!$-/P5$'!/''$''.$-(!*)!)/0+-$''!/-;!P0/':!/'!

\$55!/59*+0(=.!4*.]/+0'*-!/-;!P$-4=./+@0-9O!!I&++*9/($'!]+*R0;$!

4*..*-!9+*&-;!)*+!&'$+':!R$-;*+'!/-;!+$9&5/(*+'!(*!'Q'($./(04/55Q!R$(!

8,!/59*+0(=.'!/-;!.0(09/($!.*;$5!+0'@O!

!

A-$!%&/50)04/(0*-!/P*&(!(=$!&'$)&5-$''!*)!'&++*9/($!)&-4(0*-'!P$Q*-;!

(=$0+!)/'($+!4*.]&(/(0*-!0'!(=/(!(=$Q!/+$!.*'(!-$$;$;!0-!P5/4@BP*W!

'0(&/(0*-'!\=$+$!\$!=/R$!50((5$!@-*\5$;9$!/P*&(!=*\!(=$!+$'&5('!\$+$!

9$-$+/($;O!!,)!*-!(=$!*(=$+!=/-;!\$!=/;!/!'40$-(0)04!(=$*+Q!/P*&(!=*\!

(=$!;/(/!0'!9$-$+/($;!(=$-!/!'&++*9/($!)&-4(0*-!./Q!-*(!/;;!.&4=!

0-'09=(O!3*+!$W/.]5$:!'&]]*'$!\$!=/;!/-!8,!*](0*-'!]+040-9!/59*+0(=.:!

(=$-!P$Q*-;!P$0-9!5$''!$W]$-'0R$!(*!4*.]&($:!/!'&++*9/($!)&-4(0*-!

                                                
3 3*+! $W/.]5$:! ;$)/&5(! ]+*P/P050(0$'! /+$! '*.$(0.$'! .*;$5$;! /'! /! 5*90(! )&-4(0*-! )*+! $/'$! *)!

$W]5/0-/P50(Q! /'! *]]*'$;! (*! (+Q0-9! (*! $W]5/0-! .*+$! '*]=0'(04/($;! /-;! P$(($+! /]]+*/4=$'! (*!

4/54&5/($!;$)/&5(!+0'@O!!



! "C!

./Q!-*(!P$!-$$;$;!(*!&-;$+'(/-;!/-;!$W]5/0-!\=/(!(=$!8,!/59*+0(=.!0'!

;*0-9!P$4/&'$!(=$+$!0'!/5+$/;Q!/!\$55B;$R$5*]$;!(=$*+Q!*)!*](0*-'!

]+040-9O!

%2O!9%B/.3('-1&C/%7(#'07&&

!"#$%&'()*(+)'),-#./012,)3*2#4#,3#56#

8,!/59*+0(=.'!'*5R$!*](0.0_/(0*-!]+*P5$.'!(=/(!4/-!P$!/+(04&5/($;!P&(!

*)($-!5$/R$!&'$+'!\0(=*&(!/!'$-'$!*)!\=Q!/-;!=*\O!!d8,:!'*!4/55$;!

^LW]5/0-/P5$!8,6:!$-;$/R*+'!(*!$W]5/0-!8,!+$'&5('!0-!0-(&0(0R$!\/Q'!P&(!PQ!

;*0-9!'*!/;;'!/-*(=$+!5/Q$+!*)!+0'@!(*!.*;$50-9!/'!=$&+0'(04'!/+$!-*(!

\=/(!(=$!.*;$5!/4(&/55Q!;*$'!/-;!4*&5;!P$!.0'5$/;0-9O!8!.*+$!

]/+'0.*-0*&'!/-;!]+/4(04/5!\/Q!(*!&-;$+'(/-;!8,!\*&5;!P$!(*!;*!

'$-'0(0R0(Q!/-;!'(+$''!($'('!*)!/59*+0(=.!+$'&5('O!c=$'$!($'('!0-R*5R$!

4/+$)&5!]$+(&+P/(0*-'!*)!0-]&(!;/(/!/-;!$W/.0-/(0*-!*)!=*\!(=$!

+$'&5(0-9!*&(]&(!0'!/))$4($;!

>7I,!`>$/+-0-9!7'0-9!I(/(0'(04/5!,-R/+0/-('b:!Z/]-0@6'!CD"M!)*&-;/(0*-/5!

5$/+-0-9!)+/.$\*+@:!4/-!P$!&'$;!(*!]$+(&+P!]+$;04/($'!0-!*+;$+!(*!

+$;&4$!Z2!`Z/]-04@!2=$+R*-$-@0'b!;0.$-'0*-EO!3*+!$W/.]5$:!*-$!4/-!

                                                
4 Abstract of a talk by Vapnik, V., Izmaloilov, R.,(2018),’ Rethinking statistical learning theory: 

learning using statistical invariants’, available at   
https://www.csail.mit.edu/event/learning-using-statistical-invariants-revision-machine-learning-problem 

!!



! "K!

(+Q!;0))$+$-(!'$('!*)!]+$;04/($'!(*!'$$!=*\!Z2!;0.$-'0*-!0'!+$;&4$;O!c=$!

/;R/-(/9$!=$+$!0'!(=/(!(=0'!)*+.!*)!4/&'$!/-;!$))$4(!4/-!P$!0-($5509$-(5Q!

+$)0-$;O!

!

5#6%0&30&@<&3.B'-#()+H7&'/(,/(I&)'J&$30&J%&/04%-7(304&304&(-/7(&()%&

-%7/.(7K&&&

!

J$!0-(+*;&4$!/!./(=$./(04/55Q!R$+0)0/P5$!\/Q!(*!&-;$+'(/-;!/-;!4=$4@!

8,!.*;$5!+$'&5('O!!<*+$*R$+:!(=0'!.$(=*;*5*9Q!/55*\'!&'!(*!4*.]/+$!

/-;!P$-4=./+@!;0))$+$-(!8,!/59*+0(=.'O!

!

J$!&(050_$!;*./0-!']$40)04!0-)*+./(0*-!/-;!$W]$+(!*]0-0*-!0-!(=0'!

+09*+*&'!)+/.$\*+@!/'!)*55*\'1!

!

•! 2=**'$!/!;*./0-!']$40)04!./4=0-$!5$/+-0-9!@$+-$5!!

•! 2=**'$!/!+$)$+$-4$!;/(/!'$(!

•! Y0R$-!P5/4@BP*W!8,!*&(]&(!*-!(=$!+$)$+$-4$!;/(/:!4/54&5/($!(=$!

'&++*9/($!)&-4(0*-!`0-!(=$!+$]+*;&40-9!@$+-$5!p05P$+(!']/4$:!(=$!

&-0%&$!.0-0./5!-*+.!0-($+]*5/-(!*+!P$'(!5$/'(!'%&/+$'!

/]]+*W0./-(b!



! "E!

•! c=$!'&++*9/($!)&-4(0*-!0'!/!\$09=($;!'&.!*R$+!(=$!;/(/!]*0-('!*)!

#0$'_!)&-4(0*-'!

•! 3+*.!(=$'$!\$09=(':!4*.]/+$!/-;!4*-(+/'(!(=$!+$5/(0R$!;/(/!]*0-(!

4*-(+0P&(0*-'!(*!/-!8,!/59*+0(=.!*&(4*.$!

•! ?*./0-!$W]$+('!4/-!(=$-!0-($+]+$(!/-;!;$40;$!\=$(=$+!(=$'$!

/((+0P&(0*-'!./@$!'$-'$!!

•! c=$!/((+0P&(0*-'!*)!;0))$+$-(!8,!/59*+0(=.'!4/-!P$!4*.]/+$;!/-;!

$W/.0-$;!)*+!P0/'!

•! 8'!-$\!;/(/!P$4*.$'!/R/05/P5$!/-;!8,!/59*+0(=.'!5$/+-:!\$!4/-!

.*-0(*+!(=0'!$R*5&(0*-!(=+*&9=!(=$!'&++*9/($'!

•! c=$!.*+$!\$!&-;$+'(/-;!(=$!(+/-']/+$-(!'&++*9/($:!(=$!.*+$!\$!

4/-!(+&'(!(=$!P5/4@BP*W!8,!+$'&5('%

2"$,(3.#%+4%p*\!;*!)0-/-40/5!0-'(0(&(0*-'!0;$-(0)Q!/-;!./-/9$!+0'@'!

+$5/(0-9!(*!8,!$W]5/0-/P050(Qf!J=/(!P/++0$+'!*+!4=/55$-9$'!)*+!

$W]5/0-/P050(Q!$W0'(!)*+!;$R$5*]0-9:!/;*](0-9:!/-;!./-/90-9!8,f!!

,)!/-!$W]5/-/(0*-!0'!=$&+0'(04!(=$-!/!@$Q!4=/55$-9$!0'!(=/(!(=$!4*--$4(0*-!

(*!(=$!8,!.*;$5!0'!\$/@!/-;!&-R$+0)0/P5$O!c=0'!/5'*!*]$-'!(=$!]*''0P050(Q!

*)!-$$;0-9!/-!$W]5/-/(0*-!*)!/-!$W]5/-/(0*-O!

!X$Q*-;!$W]5/0-/P050(Q:!(=$!'&++*9/($!/-/5Q'0'!(=/(!\$!;$'4+0P$;!$/+50$+!

0'!@$Q!(*!+09*+*&'!&-;$+'(/-;0-9!/-;!R$((0-9!P5/4@!P*W!+$'&5('O!

2*..&-04/(0*-!*)!8,!.*;$5!+$'&5('!4/-!P$90-!\0(=!/-/5*90$'!/-;!



! "S!

=$&+0'(04':!P&(!(=$!$W]5/-/(0*-!0'!-*(!]+**)!(=/(!/-!/59*+0(=.!\*+@'O!

c=$'$!/+$!-$W(!)*55*\$;!PQ!/!'&../+Q!/-/5Q'0'!*)!(=$!8,!/59*+0(=.!

90R0-9!]$+']$4(0R$!/-;!4*-($W(O!3*+!$W/.]5$:!\$!4/-!=09=509=(!(=$!

'09-0)04/-(!;0))$+$-4$'!(*!/5($+-/(0R$!/]]+*/4=$'O!N&.$+04/5!$W/.]5$'!

4/-!/5'*!P$!&'$;!(*!;$.*-'(+/($!(=$!'$-'0(0R0(Q!*)!+$'&5('!(*!

]$+(&+P/(0*-:!/-;!4*-45&;$!\0(=!+$4*..$-;/(0*-':!4/R$/('!/-;!

/]]504/(0*-'O!

2"$,(3.#%&4%p*\!;*!)0-/-40/5!0-'(0(&(0*-'!&'$!]*'(B=*4!.$(=*;'!(*!/''0'(!

0-!$R/5&/(0-9!4*-4$](&/5!'*&-;-$''f!p*\!4*..*-!/+$!(=$'$!.$(=*;'f!

8+$!(=$+$!50.0(/(0*-'!*)!(=$'$!.$(=*;'!`\=$(=$+!(*!$W]5/0-!/-!8,!

/]]+*/4=6'!*R$+/55!*]$+/(0*-!*+!(*!$W]5/0-!/!']$40)04!]+$;04(0*-!*+!

4/($9*+0_/(0*-bf!,)!'*:!]5$/'$!]+*R0;$!;$(/05'!*-!'&4=!50.0(/(0*-'O!!

G*'(!=*4!'(/(0'(04/5!/-/5Q'$'!$R/5&/($!4*++$5/(0*-!-*(!4/&'/(0*-O!c=$!

5/(($+!0'!\=/(!0'!-$$;$;!)*+!$R/5&/(0-9!4*-4$](&/5!'*&-;-$''O!!!

!

7-;$+'(/-;0-9!\=Q!/!.*;$5!./@$'!/!4$+(/0-!]+$;04(0*-!4/-!P$!/'!

4+&40/5!/'!(=$!]+$;04(0*-6'!/44&+/4QO!3*+!$W/.]5$:!0-!.$;04/5!0./90-9!

\=Q!/!;0/9-*'0'!\/'!./;$!0'!/'!0.]*+(/-(!/'!./@0-9!/!4*++$4(!;0/9-*'0'!

0-!*+;$+!(*!'$5$4(!/-!/]]+*]+0/($!(+$/(.$-(O!

!



! "T!

8!-$\!45/''!*)!]*'(!=*4!.*;$5'!(*!$W]5/0-!/!.*;$56'!]+$;04(0*-':!4/55$;!

I=/]5$Q!/;;0(0R$!)$/(&+$S!/((+0P&(0*-:!&'$'!/!5$/R$B*-$B*&(!4*.]/+0'*-!

*)!)$/(&+$'!/]]+*/4=!(*!9$-$+/(0-9!/!'0.]5$+!$W]5/-/(0*-!.*;$5!*)!/!

]+$;04(0*-!.*;$5O!c=0'!4*.]&(/(0*-/55Q!0-($-'0R$!50-$/+!.$(=*;!0'!/-!

$W/.]5$!*)!/!'&++*9/($!)&-4(0*-O!XQ!4*-(+/'(!(=$!@$+-$5!'&++*9/($!

)&-4(0*-'!\$!=/R$!0-(+*;&4$;!/+$!;*./0-!']$40)04:!-*-50-$/+!/-;!/+$!/!

.*+$!9$-$+/5!\/Q!(*!&-;$+'(/-;!]+$;04(0*-'!P$Q*-;!./+90-/5!

4*-(+0P&(0*-O!

!

,)!/-!8,!/59*+0(=.!0'!$W]$-'0R$!(*!4*.]&($!*+!&-/R/05/P5$!P$4/&'$!0(!0'!

]+*]+0$(/+Q!(=$-!*-$!4*&5;!R$(!(=$!'&++*9/($!0-!50$&O!!!

!

2"$,(3.#%54%3*+!\=04=!&'$'!*)!8,!0'!5/4@!*)!$W]5/0-/P050(Q!.*+$!*)!/!

4=/55$-9$f!G5$/'$!;$'4+0P$!(=*'$!4=/55$-9$'!0-!;$(/05O!p*\!;*!)0-/-40/5!

0-'(0(&(0*-'!/44*&-(!)*+!/-;!./-/9$!(=$!R/+0$;!4=/55$-9$'!/-;!+0'@'f!!

!

8,!/]]504/(0*-'!0-!)0-/-4$!0'!+$5/(0R$5Q!-$\O!3*+!$W/.]5$:!P/-@':!!

                                                

5 >&-;P$+9:!IO!/-;!>$$:!IO:CD"H:68!7-0)0$;!8]]+*/4=!(*!,-($+]+$(0-9!<*;$5!G+$;04(0*-'6:!K"'(!

2*-)$+$-4$!*-!N$&+/5!,-)*+./(0*-!G+*4$''0-9!IQ'($.'!`N,GI!CD"Hb:!>*-9!X$/4=:!28:!7I8O!!

 

!



! "H!

0-'&+$+'!/-;!+$9&5/(*+'!/+$![&'(!P$90--0-9!(*!+$/50_$!/-;!(/4@5$!0''&$'!

'&++*&-;0-9!8,!/;*](0*-O!8,!/]]504/(0*-'!/+$!P$0-9!$.P+/4$;!PQ!(=*'$!

0-!%&/-(0(/(0R$!)0-/-4$!P&(!(=$!5$/+-0-9!4&+R$!)*+!)0-/-40/5!%&/-('!0'!

'($$]O!!<*+$*R$+:!)$\!%&/-(!)0-/-4$!4&++04&5&.'!0-45&;$!./4=0-$!

5$/+-0-9O!7-;$+'(/-;0-9!\=/(!/-!8,!/59*+0(=.!0'!;*0-9!0'!4*.]*&-;$;!

PQ!;Q-/.04!&];/(0-9OT!!!!

!

o$+-$5!'&++*9/($'!=/R$!]+*R$-!(*!$))040$-(!0-!./4=0-$!5$/+-0-9:!]/(($+-!

+$4*9-0(0*-:!'09-/5!/-/5Q'0':!'4/(($+$;!;/(/!0-!=09=!;0.$-'0*-':!

.*;$50-9!*)!9$*.$(+04!(+/-')*+./(0*-':!0-($+]*5/(0-9!.$'=!9$-$+/(0*-:!

'0.&5/(0*-BP/'$;!45/''0)04/(0*-:!*](0./5!4*-(+*5!]+*P5$.':!

P0*.$4=/-04/5!'0.&5/(0*-':!9/'!(+/-']*+(!]+*P5$.':!;$-'0(Q!$'(0./(0*-:!

(&-0-9!*)!=Q]$+!]/+/.$($+':!(*!-/.$!/!)$\!/]]504/(0*-'O!!I40$-(0)04!

0-;&'(+0$'!(=/(!&'$!4*.]&(/(0*-/55Q!$W]$-'0R$!P5/4@BP*W!.*;$5':!

0-45&;0-9!8,!/59*+0(=.':!\055!-/(&+/55Q!=/R$!/!-$$;!(*!&'$!(=$!.*+$!

$))040$-(!'&++*9/($'!0-!(=$!$W/.]5$'!.$-(0*-$;!/P*R$O!!!

!

,)!4*-($W(&/5!@-*\5$;9$!./@$'!;$40'0*-!./@0-9!4/'$!PQ!4/'$!(=$-!(=$!

0''&$!*)!8,!$W]5/0-/P050(Q!0'!.**(O!c=0'!0'!\=Q!\$!=/R$!(+0/5'!;$40;$;!PQ!

[&+0$'!-*(!/!4*.]&($+O!

                                                
T!I$$!/5'*!*&+!+$']*-'$!(*!a&$'(0*-!M!



! "M!

!!"#7)282#9:3;#<:3(=1:#3:#>3:1#!*,1*2)?1#@(,(#A:3B122)*C#(*=#D2(C1#

./012,)3*2#E#(*=#F6##

8!@$Q!4=/55$-9$!0'!(=/(!8,!;$40'0*-'!4/-!P$!'$-'0(0R$!(*!.0-*+!;/(/!

]$+(&+P/(0*-'!/'!\$55!/'!(*!\=$-!+$90.$!'=0)('!*44&+O!8,!4/-!/;;!

'09-0)04/-(!R/5&$!P&(!\$!*)($-!;*-6(!=/R$!0-(&0(0*-!/'!(*!\=QO!c=$+$!/+$!

'$R$+/5!/]]+*/4=$'!(=/(!4*&5;!P$!$.]5*Q$;!(*!R/50;/($!(=$!;$9+$$!*)!8,!

/59*+0(=.!+*P&'(-$''O!G$+(&+P/(0*-!/-/5Q'$'!'=*&5;!P$!/;*]($;!'*!(=/(!

+$9&5/(*+'!/44$](!0-;&'(+Q!&'$!*)!8,O!G/+(!*)!(=$!+$/'*-!\=Q!+$9&5/(*+'!

=/R$!+$[$4($;!(=$!&'$!*)!8,!0'!P$4/&'$!50((5$!/(($-(0*-!=/'!P$$-!]/0;!(*!

/''$''0-9!(=$!+*P&'(-$''!*)!/59*+0(=.'O!!

!

2"$,(3.#%64%p*\!;*!)0-/-40/5!0-'(0(&(0*-'!&'0-9!8,!./-/9$!+0'@'!+$5/($;!

(*!;/(/!%&/50(Q!/-;!;/(/!]+*4$''0-9f!p*\:!0)!/(!/55:!=/R$!4*-(+*5!

]+*4$''$'!*+!/&(*./($;!;/(/!%&/50(Q!+*&(0-$'!4=/-9$;!(*!/;;+$''!(=$!

;/(/!%&/50(Q!-$$;'!*)!8,f!p*\!;*$'!+0'@!./-/9$.$-(!)*+!/5($+-/(0R$!

;/(/!4*.]/+$!(*!(=/(!*)!(+/;0(0*-/5!;/(/f!8+$!(=$+$!/-Q!P/++0$+'!*+!

4=/55$-9$'!(=/(!;/(/!%&/50(Q!/-;!;/(/!]+*4$''0-9!]*'$!)*+!;$R$5*]0-9!

/;*](0-9:!/-;!./-/90-9!8,f!,)!'*:!]5$/'$!]+*R0;$!;$(/05'!*-!(=*'$!

P/++0$+'!*+!4=/55$-9$'O!!

!!



! "F!

?/(/!./Q!P$!P0/'$;!P&(:!0-!\=*'$!)/R*+f!c=0'!./Q!0-45&;$!(=$!9+*&]!*+!

4$+(/0-!0-;0R0;&/5':!/'!0-!(=$!(+/9$;Q!*)!(=$!4*..*-'O!!I*.$(0.$'!

P0/'$;!$'(0./($'!4/-!=/R$!5*\$+!R/+0/-4$!\=04=!./Q!P$!;$'0+/P5$!0-!

;$40'0*-!./@0-9O!

!

!?/(/!]$+(&+P/(0*-!*-!@$+-$5!]+$;04(*+'!0'!/-!0.]*+(/-(!]/+(!*)!./4=0-$!

5$/+-0-9!.*;$5!R/50;/(0*-!!!,(!0'!=$5])&5!(*!@-*\!0)!/-!8,!/59*+0(=.!0'!

'$-'0(0R$!(*!.0-*+!4=/-9$'!0-!;/(/!*+!\=/(!./9-0(&;$!*)!;/(/!

]$+(&+P/(0*-!+$'&5('!0-!'09-0)04/-(5Q!;0))$+$-(!;$40'0*-!./@0-9O!!!

!

a&$'(0*-!S1!8+$!(=$+$!']$40)04!&'$'!*)!8,!)*+!\=04=!/5($+-/($!;/(/!/+$!

]/+(04&5/+5Q!$))$4(0R$f!

c=$!&-'(+&4(&+$;!-/(&+$!*)!5/+9$!-*-(+/;0(0*-/5!;/(/!'$('!./@$'!8,!

$W]5*+/(0*-!*)!(=$.!-/(&+/5O!!J$!/+$!(+Q0-9!(*!95$/-!0-'09=(!)+*.!(=$'$!

]$+0]=$+/5!;/(/!'*&+4$'O!!X&(!(=0'!/5'*!4&('!(\*!\/Q':!/!;0'4$+-$;!

]/(($+-!./Q!-*(!-$4$''/+05Q!P$!]+$;04(0R$O!!c=0'!0'!$W/4(5Q!\=Q!\$!-$$;!

(*!=/R$!/!'$-'$!*)!\=/(!/-!8,!/59*+0(=.!0'!;*0-9!0-!*+;$+!(*!;$($+.0-$!

\=$(=$+!\$!P$50$R$!/!;0'4*R$+$;!]/(($+-!9$-$+/50_$'!/-;!0'!]$+=/]'!

]+$;04(0R$O!

!

cQ]04/55Q:!8,!/59*+0(=.'!/+$!]/+/.$($+0_$;!*-!'$('!*)!5/P$5$;!;/(/!

]*0-('O!,)!(=$!5/P$50-9!0'!'&P[$4(0R$:!\0(=*&(!/5($+-/(0R$!.*;$5!4+0($+0/:!



! CD!

(=$-!(=$'$!'*&+4$'!*)!-*-(+/;0(0*-/5!;/(/!-$4$''0(/($!&-;$+'(/-;0-9!

\=/(!4+0($+0/!(=$!8,!/59*+0(=.!4/.$!&]!\0(=!)*+!0('!5/P$50-9O!c=0'!0'!

\=$+$!@$+-$5!'&++*9/($'!4/-!=$5]!&'O!

!

c=$!-*(0*-!*)!8,!'*5&(0*-'!\=04=!/+$!]/+'0.*-0*&'!0'!-$0(=$+!(*!*R$+)0(!

-*+!&-;$+)0(!(=$!;/(/!0-!'*5R0-9!/!\$55B/+(04&5/($;!]+*P5$.O!X*(=!

/((+0P&($'!;$]$-;!*-!(=$!&(050(Q!*)!(=$!;$40'0*-!./@$+O!!A-$!4/-!P$!

+09*+*&'!/-;!+/(0*-/5!0-!'$5$4(0-9!8,!.*;$5'!/-;!./@0-9!;$40'0*-'O!!!

!

,-;$$;:!(=$+$!0'!/!R/'(!/4/;$.04!50($+/(&+$!*-!;$40'0*-!

(=$*+QO!!N*-$(=$5$''!]+$)$+$-4$!0'!'&P[$4(0R$O!,-!.*'(!]+/4(04/5!

'0(&/(0*-'!\$!4/-!0;$-(0)Q!(=$!$W(+$.$'!*)!*R$+)0((0-9!/-;!&-;$+)0((0-9!

;/(/O!J$!;0'4&''!(=0'!(*]04!)&+(=$+!0-!*&+!+$']*-'$!(*!a&$'(0*-!TO!

&

<<<A&!6%-"#((#0B&FC/%7(#'0&LG&

&

AR$+)0((0-9!/-!8,!/59*+0(=.!\055!(Q]04/55Q!*R$+!'(/($!0-!'/.]5$!/44&+/4QO!

c*!+$4(0)Q!(=0'!'0(&/(0*-!0-'(0(&(0*-'!'=*&5;!($'(!)*+!(=$.'$5R$'!*&(!*)!

'/.]5$!8,!]+$;04(0R$-$''!*-!4*-'$-'&'!P$-4=./+@!;/(/!'$('O!,)!/-!8,!

/59*+0(=.!0'!&-/R/05/P5$!(*!($'(!(=$-!*-$!4*&5;!&'$!0('!@$+-$5!'&++*9/($!

0-!50$&O!G+**)!*)!(=$!]&;;0-9:!0'!0-!(=$!$/(0-9q!



! C"!

a&$'(0*-!T1%p*\!;*!)0-/-40/5!0-'(0(&(0*-'!./-/9$!8,!+0'@'!+$5/(0-9!(*!

*R$+)0((0-9f!J=/(!P/++0$+'!*+!4=/55$-9$':!0)!/-Q:!;*$'!*R$+)0((0-9!]*'$!

)*+!;$R$5*]0-9:!/;*](0-9:!/-;!./-/90-9!8,f!p*\!;*!)0-/-40/5!

0-'(0(&(0*-'!;$R$5*]!(=$0+!8,!'*!(=/(!0(!\055!/;/](!(*!-$\!/-;!]*($-(0/55Q!

;0))$+$-(!]*]&5/(0*-'!`*&('0;$!*)!(=$!($'(!/-;!(+/0-0-9!;/(/bf 

8,!*R$+)0((0-9!/-;!&-;$+)0((0-9!]*0-('!(*!(=$!-$$;!)*+!]/+'0.*-0*&'!

.*;$5!'$5$4(0*-!(=/(!0'!)0(!)*+!]&+]*'$O!,-!.*'(!]+/4(04/5!'0(&/(0*-'!\$!

4/-!0;$-(0)Q!(=$!$W(+$.$'!*)!*R$+)0((0-9!/-;!&-;$+)0((0-9!;/(/O!!c=$+$!

./Q!=*\$R$+!P$!/!+/-9$!*)!^Y*5;05*4@'6!8,!.*;$5'!(=/(!.$$(!/!;$40'0*-!

./@$+6'!-$$;'!0-!($+.'!*)!&-;$+'(/-;0-9!/!]+*P5$.!/-;!P$0-9!/P5$!(*!

$W(+/]*5/($O!!,)!/!;$40'0*-!./@$+!0'!/\/+$!*)!(=$'$!4*-'0;$+/(0*-'!(=$-!/!

+/(0*-/5!.*;$5!4=*04$!4/-!P$!./;$!(=/(!0'!'&))040$-(5Q!+*P&'(!/-;!

]+$;04(0R$!(*!.$$(!(=$0+!-$$;'O!!

!

c=$+$!/+$!*)($-!.&5(0]5$!./(=$./(04/5!.*;$5'!4/]/P5$!*)!$W]5/0-0-9!/!

90R$-!]=$-*.$-*-O!!G/+'0.*-Q!0'!(=$!4=*04$!*)!)0-;0-9!(=$!'0.]5$'(!

$W]5/-/(0*-!P&(!-*(!'0.]5$+O!c=$!+/(0*-/5$!P$0-9!(=/(!0)!/!.*;$5!0'!(**!

'0.]5$!(=$-!0(!0'!50@$5Q!(=/(!0(!\055!-*(!)/0(=)&55Q!+$]+*;&4$!/!

]=$-*.$-*-6'!P$=/R0*+!\=05$!/-!$5/P*+/($!4*.]504/($;!.*;$5!

+$%&0+0-9!4*.]5$W!']$40/50_$;!/''&.](0*-'!\=04=!/+$!5$''!50@$5Q!(*!P$!

.$(!/-;!(=$+$)*+$!5$''!50@$5Q!(*!P$!]+$;04(0R$O!30-;0-9!/!'\$$(!']*(:!(=/(!



! CC!

0'!/!)/0(=)&5!+*P&'(!]+$;04(0R$!.*;$5:!P$(\$$-!(=$'$!(\*!$W(+$.$'!0'!

(=$!]&+]*'$!*)!]/+'0.*-QO!G/+'0.*-Q!4*-'0;$+/(0*-'!'=*&5;!/5'*!P$!/!

./[*+!4*.]*-$-(!*)!=&./-![&;9.$-(O!!X$(\$$-!-/0R$!/-;!0;$/50'(04!0'!

]+/4(04/5O!

<MA&*1N%-7%$/-#(1&9#7O&FC/%7(#'0&PG&

8'!;0'4&''$;!0-!a&$'(0*-!T:!0(!0'!*-$!(=0-9!(*!4=**'$!)/0(=)&5!/-;!

]+$;04(0R$!+$]+$'$-(/(0*-'!*)!-/(&+$!(=/(!-$0(=$+!*R$+)0(!-*+!&-;$+)0(!

;/(/O!,(!0'!/-!$-(0+$5Q!/-*(=$+!\=$-!/-!0-($5509$-(!/;R$+'/+Q!(=+*&9=!/!

4QP$+!/((/4@!0'!;$50P$+/($5Q!(+Q0-9!(*!'/P*(/9$!Q*&+!.*;$50-9!$))*+('!PQ!

.$''0-9!\0(=!(=$!;/(/O#

2"$,(3.#%74%p/R$!)0-/-40/5!0-'(0(&(0*-'!0;$-(0)0$;!]/+(04&5/+!

4QP$+'$4&+0(Q!+0'@'!*+!$W]$+0$-4$;!'&4=!0-40;$-('!\0(=!+$']$4(!(*!8,f!,)!

'*:!\=/(!]+/4(04$'!/+$!)0-/-40/5!0-'(0(&(0*-'!&'0-9!(*!./-/9$!

4QP$+'$4&+0(Q!+0'@'!+$5/($;!(*!8,f!G5$/'$!;$'4+0P$!/-Q!P/++0$+'!*+!

4=/55$-9$'!(*!(=$!&'$!*)!8,!/''*40/($;!\0(=!4QP$+'$4&+0(Q!+0'@'O!8+$!

(=$+$!']$40)04!0-)*+./(0*-!'$4&+0(Q!*+!4QP$+'$4&+0(Q!4*-(+*5'!(=/(!4/-!P$!

/]]50$;!(*!8,f!!

,(!0'!\$55!@-*\-!(=/(!8,!4/-!5$/+-!P0/'$;!P$=/R0*+!)+*.!(+/0-0-9!

;/(/O!!G$+=/]'!\=/(!0'!5$''!@-*\-!0'!(=/(!(=0'!4/-!P$!+$R$+'$!$-90-$$+$;!

(=+*&9=!/!4QP$+!/((/4@O!



! CK!

!

I&]]*'$!/!./5)$/'/-(!/9$-(!=/'!/!]+$;$($+.0-$;!*&(4*.$!0-!.0-;!/-;!

4/-!9$-$+/($!)/@$!;/(/!'*!(=/(!/-Q*-$!&'0-9!0(!(*!(+/0-!(=$0+!8,!

/59*+0(=.!\055!^5$/+-6!(=0'!]+$;$($+.0-$;!*&(4*.$f!!!3*+!$W/.]5$:!(=$+$!

/+$!/59*+0(=.'!(=/(!4/-!P$!;$]5*Q$;!`$O9O!/-!/59*+0(=.!&'0-9!(=$!

I$.0]/+/.$(+04!#$]+$'$-($+!c=$*+$.Hb!(*!'Q'($./(04/55Q!4+$/($!

;0))$+$-(!)/@$!;/(/!'$('!(=/(!\055!5$/;!@$+-$5!./4=0-$!5$/+-0-9!(*\/+;'!/!

]+$;$($+.0-$;!*&(4*.$O!c=$+$!0'!-*!;*&P(!(=/(!(=$+$!0'!]*($-(0/5!)*+!

*(=$+'!(*!;*!(=0'OM!!

!

L.$+9$-(!8;R$+'/+0/5!8,F!0-(+*;&4$'!-*R$5!9/.$B(=$*+$(04!4QP$+!

'$4&+0(Q!0''&$'!(*!.*;$5!+0'@!.0(09/(0*-!/-;!]/+'0.*-0*&'!.*;$5!

                                                
H I$$!=((]'1rr\\\O4'O.49055O4/rs;]+$4&]r4*&+'$'r<>r>$4(&+$'r.5B5$4(&+$DTO];)!!)*+!/!9**;!

;0'4&''0*-!*-!1!"bp*\!(*!($55!0)!/!)&-4(0*-!0'!/!@$+-$5!:Cb!IZ<!+$9+$''0*-!/-;!Kb!IZ<!

45/''0)04/(0*-O!
M!3*+!$W/.]5$:!0./90-$!0)!(=$+$!\/'!'(/($!']*-'*+$;!;0'(+0P&(0*-!*)!)/@$!;/(/O!I40$-(0'(':!

]*50(040/-'!/-;!(=$!]&P504!0-!9$-$+/5!;*!-*(!)&55Q!/]]+$40/($!(=0'!]*($-(0/5O!!,-!/-Q!;0'40]50-$!

(=$+$!'=*&5;!P$!/9+$$;!&]*-!\/Q'!(*!R$(!/-;!R$+0)Q!(=$!]$;09+$$!*)!(+/0-0-9!;/(/O!G$+=/]'!

=/R0-9!P$-4=./+@!;/(/!'$('!(*!($'(!/59*+0(=.'!\*&5;!P$!/!'(/+(O!!!3+$$!]&P5045Q!/R/05/P5$!;/(/!0'!

/((+/4(0R$!P&(!=/'!(=$!]*($-(0/5!(*!P$!./5)$/'/-(5Q!(\$/@$;!/-;!(=$+$)*+$!+0'@!&'$+'!*)!(=$!;/(/!

'=*&5;!-*(!09-*+$!(=0'!(Q]$!*)!;/(/!+0'@!3/@$!*+!P0/'$;!;/(/!0-!./4=0-$!5$/+-0-9!4*&5;!P$!;/+@!

=*+'$!]+*P5$.O!

!
F!Y**;)$55*\:!<4?/-0$5!/-;!G/]$+-*(:!CD"M:6</@0-9!</4=0-$!>$/+-0-9!#*P&'(!89/0-'(!

8;R$+'/+0/5!,-]&('6:!2*..&-04/(0*-'!*)!(=$!82<:!R*5!T":!-*!HO!!

!

Y**;)$55*\:!,O!$(!/5O!:CD"E:^Y$-$+/(0R$!8;R$+'/+0/5!N$(\*+@'6!G+*4O!N$&+/5!,-)*+./(0*-!

G+*4$''0-9!IQ'($.'O!]]O!CTHCBCTMDO 

!

!



! CE!

'$5$4(0*-O!8-!/;R$+'/+Q!0-!/!c+*[/-!/((/4@!*-!/-!8,!/59*+0(=.!./Q!0-'$+(!

.0'5/P$5$;!$W/.]5$'!0-(*!(+/0-0-9!;/(/!'*!(=/(!(=$!8,!/59*+0(=.!\055!

5$/+-!(*!.0'45/''0)Q!(=$!;/(/!0-!/!./5)$/'/-(!\/Q!(=/(!0'!/;R/-(/9$*&'!

(*!(=$!/;R$+'/+QO!85($+-/(0R$5Q:!0)!/-!/;R$+'/+Q!@-*\'!'*.$!*)!(=$!

5/P$5'!(=/(!Q*&+!8,!/59*+0(=.!0'!&'0-9!(*!45/''0)Q!;/(/!(=$-!(=$Q!4/-!

4+$/($!/;R$+'/+0/5!$W/.]5$'!PQ!/5($+0-9!(=$!)$/(&+$'!*)!;/(/!\0(=!/!

90R$-!5/P$5!0-!*+;$+!(*!./@$!(=$!8,!/59*+0(=.!.0'45/''0)Q!(=$'$!

$W/.]5$'!\0(=*&(!0-)5&$-40-9!=*\!0(!\/'!(+/0-$;O!!

!

c=$+$!/+$!\/Q'"D!(*!;$($4(!8,!(=/(!0'!4*.]+*.0'$;!PQ!c+*[/-!=*+'$'!/-;!

/;R$+'/+0/5!$W/.]5$'!P&(!/!;$$]$+!;0'4&''0*-!*-!(=0'!0.]*+(/-(!(*]04!0'!

P$Q*-;!(=$!'4*]$!*)!(=0'!%&$'(0*-!!

#

#

                                                
"D!N/-!c0$:!YO:!`CD"Mb:!^c*]*5*904/5!>$/+-0-96:!?A,1"DO"K"EDr#YOCOCOKCMHKOKEEDb:!/R/05/P5$!/(!

\\\O+$'$/+4=9/($O-$(O!!!

N/-!c0$!0-(+*;&4$;!/!(*]*5*904/5!]/+(0(0*-!*)!;/(/!\=$+$0-!\$!@-*\!(=$!/R$+/9$!45/''0)04/(0*-!

*)!$/4=!]/+(0(0*-O!,)!\$!=/R$!45$/-!$W/.]5$'!*)!4*++$4(5Q!5/P$5$;!;/(/!(=$-!/)($+!4=**'0-9!/!

@$+-$5!(*!&'$!`&-@-*\-!(*!*&+!/;R$+'/+0$'b!\$!@-*\!\=/(!$/4=!(*]*5*904/5!]/+(0(0*-6'!/R$+/9$!

45/''0)04/(0*-!'=*&5;!P$!)*+!(=0'!4=*04$!*)!@$+-$5O!!I*:!\=$-!]+$'$-($;!\0(=!8,!(+/0-$;!*-!

&-R$(($;!;/(/!0)!(=$!]/+(0(0*-!/R$+/9$'!/+$!-*(!45*'$!(*!\=/(!(=$Q!'=*&5;!P$:!(=$-!\$!=/R$!

]*($-(0/55Q!;$($4($;!4*.]+*.0'$!*)!*&+!8,!/59*+0(=.!PQ!c+*[/-!=*+'$'!*+!/;R$+'/+0/5!$W/.]5$'O!

,-!]/+(04&5/+!\$!=/R$!/!+$;!)5/9!0)!.&5(0]5$!@$+-$5'!+$'&5(!0-!;0'4+$]/-4QO!!LR$-!0)!/-!/;R$+'/+Q!

@-*\'!(=0'!0'!\=/(!\$!/+$!;*0-9:!0(!0'!;0))04&5(!(*!4+$/($!c+*[/-!=*+'$'!*+!/;R$+'/+0/5!$W/.]5$'!(*!

/R*0;!;$($4(0*-!P$4/&'$!(=$Q!;*-6(!@-*\!\=04=!@$+-$5'!\$!\055!4=**'$!(*!]/+(0(0*-!(=$!;/(/!

\0(=O!!L/4=!/;;0(0*-/5!@$+-$5!\$!&'$!0'!50@$!/;;0-9!/!(&.P5$+!(*!5*4@!*&(!)/@$!;/(/O!



! CS!

G"#@-*(;)B#D&=(,)*C#./012,)3*#H6#

8,!/59*+0(=.'!'&4=!/'!;$$]!5$/+-0-9!-$&+/5!-$(\*+@'!/+$!.*;$5'!\=*'$!

/+4=0($4(&+$!4/-!/;/](!/-;!$R*5R$!/'!-$\!;/(/!]/(($+-'!/+$!;0'4*R$+$;O!

3*+!$W/.]5$:!/-!8,!]+040-9!.*;$5!(+/0-$;!*-!50%&0;!./+@$(!;/(/!./Q!

;Q-/.04/55Q!&];/($!0-!+$']*-'$!(*!/!)0-/-40/5!4+0'0'O!LR$-!(=*&9=!(=$!

+$'&5(/-(!-$\!]+040-9!./Q!P$!/+P0(+/9$!)+$$:!(=$!=*\!/-;!\=Q!*)!(=$!

;Q-/.04!&];/($!./Q!-*(!P$!/]]/+$-(O!!

!

J$!-$$;!(*!&-;$+'(/-;!\=/(!(=$!;$$]!-$&+/5!-$(\*+@!0'!;*0-9!/-;!

=*\!0(!/;/]($;!0-!*+;$+!(*!(+&'(!0('!+$'&5('O!I&++*9/($'!$-/P5$!(=0'!

;$'0+$;!(+/-']/+$-4Q!=$5]0-9!&'!P$(($+!.0(09/($!.*;$5!+0'@O!

#

2"$,(3.#%'4%p*\!;*!)0-/-40/5!0-'(0(&(0*-'!./-/9$!8,!+0'@'!+$5/(0-9!(*!

;Q-/.04!&];/(0-9f!?$'4+0P$!/-Q!P/++0$+'!*+!4=/55$-9$'!(=/(!./Q!

0.]$;$!(=$!&'$!*)!8,!(=/(!0-R*5R$!;Q-/.04!&];/(0-9O!p*\!;*!)0-/-40/5!

0-'(0(&(0*-'!9/0-!/-!&-;$+'(/-;0-9!*)!\=$(=$+!8,!/]]+*/4=$'!]+*;&40-9!

;0))$+$-(!*&(]&('!*R$+!(0.$!P/'$;!*-!(=$!'/.$!0-]&('!/+$!*]$+/(0-9!/'!

0-($-;$;f!!



! CT!

8'!$W]5/0-$;!/P*R$:!(=$!+0'@!*)!;Q-/.04!&];/(0-9!4/-!P$!./-/9$;!PQ!

$W/.0-/(0*-!*)!8,!/59*+0(=.!'&++*9/($'!\=*'$!]+*]$+(0$'!/+$!

(+/-']/+$-(!/-;!@-*\-O!!

!

8!;Q-/.04!&];/($!4/-!\*+@!)*+!Q*&!*+!/9/0-'(!Q*&O!c=$!4+0(04/5!]*0-(!0'!

(=/(!Q*&!-$$;!(*!P$!/P5$!(*!;$($4(!(=$!&];/($:!&-;$+'(/-;!\=Q!(=$!

&];/($!\/'!./;$!/'!\$55!/'!$W/.0-$!(=$!4*-'$%&$-4$'!*)!(=$!&];/($O!!

!

>$(6'!(/@$!(=$!4/'$!\=$+$!\$!/+$!&'0-9!/-!/+(0)040/5!-$&+/5!-$(\*+@!

`8NNb!'*5&(0*-O!c=$!8NN!'*5&(0*-!0'!4/]/P5$!*)!]+*R0;0-9!/!;Q-/.04!

&];/($O!8!@$Q!*]$+/(0-9!4*-4$+-!0-!&'0-9!(=$!8NN!'*5&(0*-!0'!-*(!

;$($4(0-9!(=/(!8NN!=/'!./;$!/!;Q-/.04!&];/($O!,-!*(=$+!\*+;':!/!@$Q!

+0'@!0'!)/050-9!(*!;$($4(!(=/(!(=$!8NN!=/'!./;$!(=$!;Q-/.04!&];/($O!!

!

Y0R$-!(=$!'&++*9/($!;$($4($;!/-!&];/($!PQ!8NN:!\$!4/-!-*\!\*+@!(*!

&-;$+'(/-;!\=Q!8NN!./;$!(=$!4=/-9$O!J$!-$$;!(*!/'@!%&$'(0*-'!'&4=!

/'!;0;!0(!;$($4(!/!4=/-9$!0-!]/(($+-!*+!;0;!(=$!-/(&+$!*)!(=$!;/(/!0('$5)!

4=/-9$O!3*+!$W/.]5$:!(=$!4=/-9$!./Q!=/R$!(/@$-!]5/4$!;&$!(*!/!

.*R$.$-(!)+*.!/!-*+./5!(*!/!'(+$''$;!$-R0+*-.$-(O!A-!(=$!*(=$+!

=/-;:!(=$!4=/-9$!./Q!/5'*!=/R$!]04@$;!&]!/-!/-*./5QO!

!



! CH!

J$!-$$;!(*!-$W(!$W/.0-$!(=$!4*-'$%&$-4$'!/-;!/'@!0)!(=$!4=/-9$!0'!(*!

*&+!P$-$)0(O!3*+!$W/.]5$:!\$!\/-(!(*!;$($+.0-$!0)!(=$!4=/-9$!'(055!

]+*R0;$'!&'!\0(=!/!]/+'0.*-0*&'!'*5&(0*-!(=/(!0'!)0(!)*+!]&+]*'$O!!

!

!8'!/!4/R$/(:!\$!'=*&5;!/5\/Q'!@$$]!0-!.0-;!(=/(!/!'&++*9/($!'*5&(0*-!

;*$'!-*(!$50.0-/($!.*;$5!+0'@O!c=$!'&++*9/($!0'!/!]+*WQ!(*!(=$!/4(&/5!8,!

.*;$5!/-;!(=$+$)*+$!/5\/Q'!=/'!/-!$5$.$-(!*)!.*;$5!+0'@O!

M<A@<&?7%&N1&*'++/0#(1&<07(#(/(#'07&FC/%7(#'0&QG&

2*..&-0(Q!0-'(0(&(0*-'!)/4$!(=$!4=/55$-9$!(=/(!*-$!'0_$!;*$'!-*(!)0(!/55!

\=$-!/]]5Q0-9!8,!P$4/&'$!(=$0+!$W]$+0$-4$!./Q!-*(!./(4=!(=$!;/(/!

&'$;!(*!4/50P+/($!8,O!o$+-$5!'&++*9/($!$W]5/-/(0*-!*)!/-!8,!/59*+0(=.!

4/-!P$!4&'(*.0_$;!(*!+$)5$4(!4*..&-0(Q!0-'(0(&(0*-'6!R0$\'!/-;!'*!

.0(09/($!(=0'!;0'4*--$4(O!

2"$,(3.#%84%?*!4*..&-0(Q!0-'(0(&(0*-'!)/4$!]/+(04&5/+!4=/55$-9$'!0-!

;$R$5*]0-9:!/;*](0-9:!/-;!&'0-9!8,f!,)!'*:!]5$/'$!]+*R0;$!;$(/05!/P*&(!

'&4=!4=/55$-9$'O!J=/(!]+/4(04$'!/+$!$.]5*Q$;!(*!/;;+$''!(=*'$!

0.]$;0.$-('!*+!4=/55$-9$'f!!

8!'09-0)04/-(!4=/55$-9$!0'!(*!/;;+$''!(=$!0''&$!(=/(!63-#'/7&7(3O%)'.4%-7&

)36%&4#""%-%0(&303.1(#$3.&$3,3N#.#(#%7O!3*+!$W/.]5$:!'./55!'4/5$!

4*..&-0(Q!0-'(0(&(0*-'!9$-$+/55Q!5/4@!(=$!$W]$+(0'$!/-;!+$'*&+4$'!



! CM!

-$4$''/+Q!(*!R$(!/-;!&-;$+'(/-;!8,!/59*+0(=.'!(=/(!./Q!./@$!(=$.!

.*+$!$))040$-(!/-;!)/0+$+O!

!

8'!.$-(0*-$;!0-!(=$!0-(+*;&4(0*-:!*&+!8,!P5/4@BP*W!'&++*9/($!$-/P5$'!

'(/@$=*5;$+!0-($+]+$(/(0*-!(=/(!4/-!P$!(/05*+$;!(*!(=$0+!R0$\'!/-;!

P/4@9+*&-;O!!c=$!'&++*9/($!]+*R0;$'!4*..*-!9+*&-;!)*+!&'$+':!

R$-;*+'!/-;!+$9&5/(*+'!(*!/;;+$''!8,!.*;$5!+0'@O!

G!!"#I?1:2)CJ,#39#KJ):=#A(:,)12#./012,)3*#4L6#

,-'(0(&(0*-'!-$$;!(*!P$!4*-)0;$-(!0-!/-;!P$!/P5$!(*!(+&'(!0-!8,!;$R$5*]$;!

PQ!(=0+;!]/+(0$'O!,-!*+;$+!)*+!(=0'!(*!=/]]$-!\$!)0+'(!-$$;!(*!&-;$+'(/-;!

\=/(!/-!8,!/59*+0(=.!0'!;*0-9:!/-;!(=$-!;$.*-'(+/($!0('!]+$;04(0R$-$'':!

+*P&'(-$''!/-;!)/0+-$''O!c=$!R$+0)0/P5$!+09*+!*)!4/&'/5!@$+-$5!'&++*9/($'!

$-/P5$'!(=0':!&-50@$!/-/5*90$'!*+!=$&+0'(04'O!

2"$,(3.#%+*4%G5$/'$!;$'4+0P$!/-Q!]/+(04&5/+!4=/55$-9$'!*+!0.]$;0.$-('!

)0-/-40/5!0-'(0(&(0*-'!)/4$!0-!&'0-9!8,!;$R$5*]$;!*+!]+*R0;$;!PQ!(=0+;!

]/+(0$'!/-;!/!;$'4+0](0*-!*)!=*\!)0-/-40/5!0-'(0(&(0*-'!./-/9$!(=$!

/''*40/($;!+0'@'O!G5$/'$!]+*R0;$!;$(/05!*-!/-Q!4=/55$-9$'!*+!

0.]$;0.$-('O!p*\!;*!(=*'$!4=/55$-9$'!*+!0.]$;0.$-('!R/+Q!PQ!

)0-/-40/5!0-'(0(&(0*-!'0_$!/-;!4*.]5$W0(Qf!!



! CF!

8;*](0*-!/-;!&'$!*)!R$-;*+!]+*]+0$(/+Q!P5/4@BP*W!/59*+0(=.'!)/4$!(=$!

0''&$'!*)!$W]5/0-/P050(Q:!)/0+-$'':!.*-0(*+0-9!/-;!;Q-/.04!

&];/(0-9O!!2*-'$-'&'!*-!+$)$+$-4$!;/(/!'$('!0'!-$$;$;!)*+!

P$-4=./+@0-9!8,!+$'&5('O!

#

,)!/!)0-/-40/5!0-'(0(&(0*-!'$5$4('!/!R$-;*+!(=$-!0(!-$$;'!(*!4/+$)&55Q!/'@!0)!

(=$!R$-;*+!'*5&(0*-!4/-!/-'\$+!(=$!%&$'(0*-!^J=04=!8,!.*;$5!;*!,!

&'$f6O!!

!

J$!/+$!+$/55Q!/'@0-9:!^J=/(!]+*P5$.!/.!,!(+Q0-9!(*!'*5R$f6O!,)!*-$!4/-!

45$/+5Q!/+(04&5/($!(=$!]+*P5$.!(*!P$!'*5R$;!(=$-!*-$!4/-!$'(/P50'=!(=$!

5$R$5!*)!&-4$+(/0-(Q!0-R*5R$;O!c=0'!0'!0.]*+(/-(!'0-4$!0;$-(0)Q0-9!(=$!

5$R$5!*)!&-4$+(/0-(Q!0-!/!]+*P5$.!9&0;$'!&'!(*\/+;'!/]]+*]+0/($!(Q]$'!

*)!8,!.*;$5'!)+*.!R$-;*+'!/-;!0-)$+$-4$!(*!&'$O!<*+$*R$+:!\$!(=$-!

/5'*!@-*\!\=/(!+0'@!.$/'&+$'!/+$!/]]+*]+0/($!/-;!(=$!]*($-(0/5!8,!

.*;$5!+0'@!0-!'*5R0-9!*&+!]+*P5$.O!

!

c=$!=09=$+!(=$!5$R$5!*)!&-4$+(/0-(Q:!(=$!9+$/($+!(=$!]*($-(0/5!)*+!8,!

.*;$5!+0'@O!N*-$(=$5$'':!\$!/+$!9&0;$;!PQ!4*-'0;$+/(0*-'!*)!]/+'0.*-Q!

0-!4=**'0-9!\=04=!.*;$5'!/+$!/]]+*]+0/($O!>*!/-;!<&$55$+""!;$'4+0P$!/!

                                                
""!>*:!8O:!/-;!<&$55$+:!<O:!`</+4=!"F:!CD"Db:!^J8#N,NY1!G=Q'04'!L-RQ!</Q!X$!p/_/+;*&'!c*!

g*&+!J$/5(=q6:!/R/05/P5$!/(!!https://arxiv.org/pdf/1003.2688.pdf 



! KD!

4*-(0-&&.!*)!&-4$+(/0-(QO!c=$!5$R$5'!*)!&-4$+(/0-(Q!/+$!-*(!.$/-(!(*!P$!

'/4+*'/-4("C!O!c*!+$0($+/($:!0;$-(0)Q0-9!(=$!+*&9=!5$R$5!*)!&-4$+(/0-(Q!

0-=$+$-(!0-!/!]+*P5$.!-/++*\'!(=$!)0$5;!*)!]*($-(0/5!8,!.*;$5'!(*!

4*-'0;$+:!'&99$'('!/]]+*]+0/($!)*+.'!*)!0-)$+$-4$!(*!&'$!/-;!0-)*+.'!&'!

*)!(=$!]*($-(0/5!8,!.*;$5!+0'@!0-R*5R$;O!!

M<<<A&83#-&R%04#0B&FC/%7(#'07&SS&('&STG&

3/0+-$''!0'!/!4*-'0;$+/(0*-!0-!)0-;0-9!/!]/+'0.*-0*&'!8,!.*;$5!

'*5&(0*-"KO!X$'(!]+/4(04$!4/55'!)*+!)0+'(!;$40;0-9!\=/(!Q*&!\/-(!(*!

/44*.]50'=!0-!4*-'(+&4(0-9!/-!8,!.*;$5:!\=04=!0-45&;$'!(/@0-9!)/0+-$''!

0''&$'!0-(*!4*-'0;$+/(0*-O!,-!*(=$+!\*+;':!0(!0'!0.]*+(/-(!(*!\+0($!;*\-!

(=$!%&$'(0*-!Q*&!/+$!(+Q0-9!(*!/-'\$+O!g*&!-$W(!)0-;!/!]/+'0.*-0*&'!

'*5&(0*-!90R$-!(=/(!Q*&!-*\!@-*\!\=/(!Q*&!\/-(!(*!/44*.]50'=O!!

7-;$+'(/-;0-9!\=/(!/-!8,!/59*+0(=.!0'!;*0-9!0'!/5\/Q'!;$'0+/P5$O!!,-!

4$+(/0-!'0(&/(0*-':!0(!0'!4+0(04/5:!)*+!$W/.]5$!0-!.$;04/5!;0/9-*'(04'!\$!

-$$;!(*!@-*\!\=Q!/!;0/9-*'0'!\/'!-$$;!0-!*+;$+!(*!4=**'$!/]]+*]+0/($!

(+$/(.$-(O!!8-*(=$+!$W/.]5$!0'!(=$!L7!0'!./@0-9!0(!/!5$9/5!+$%&0+$.$-(!

                                                

!
"C!3*+!$W/.]5$:!/'!\0(=!4*5*+'!0-!/!+/0-P*\:!(=$!5$R$5'!*)!&-4$+(/0-(Q!/+$!-*(!.$/-(!(*!P$!P+09=(!

50-$'O!

!
"K!3$=+:!LO:!e!I4=.0;(:!oO!`CDDKbO!c=$*+0$'!*)!3/0+-$''!/-;!#$40]+*40(Q1!LR0;$-4$!/-;!L4*-*.04!

8]]504/(0*-'O!,-!<O!?$\/(+0]*-(:!>O!p/-'$-:!e!IO!c&+-*R'@Q!`L;'Ob:!8;R/-4$'!0-!L4*-*.04'!/-;!

L4*-*.$(+04'1!c=$*+Q!/-;!8]]504/(0*-':!L09=(=!J*+5;!2*-9+$''!`L4*-*.$(+04!I*40$(Q!

<*-*9+/]=':!]]O!CDMBCSHbO!2/.P+0;9$!7-0R$+'0(Q!G+$''O!

!



! K"!

(=/(!4*-'&.$+'!=/R$!/!+09=(!(*!@-*\!\=Q!/-!8,!/59*+0(=.!./;$!/!

;$40'0*-!(=/(!/))$4('!(=$.O!

!

2"$,(3.#%++4%J=/(!($4=-0%&$'!/+$!/R/05/P5$!(*!)/4050(/($!*+!$R/5&/($!(=$!

4*.]50/-4$!*)!8,BP/'$;!4+$;0(!;$($+.0-/(0*-!/]]+*/4=$'!\0(=!)/0+!

5$-;0-9!5/\'!*+!.0(09/($!+0'@'!*)!-*-B!4*.]50/-4$f!G5$/'$!$W]5/0-!(=$'$!

($4=-0%&$'!/-;!(=$0+!*P[$4(0R$':!50.0(/(0*-'!*)!(=*'$!($4=-0%&$':!/-;!

=*\!(=*'$!($4=-0%&$'!+$5/($!(*!)/0+!5$-;0-9!5$9/5!+$%&0+$.$-('O!!

8!]+$+$%&0'0($!)*+!$R/5&/(0*-!*)!)/0+!5$-;0-9!0'!(*!)0+'(!@-*\!\=/(!/-!8,B

P/'$;!4+$;0(!;$($+.0-/(0*-!0'!;*0-9O!!I&++*9/($!)&-4(0*-'!/4(!/'!0)!(=$Q!

\$+$!(=$!8,!/59*+0(=.!*-!(=$!;/(/!'/.]5$O!!I*:!0)!\$!&-;$+'(/-;!\=/(!

(=$!(+/-']/+$-(!'&++*9/($!0'!;*0-9!(=$-!\$!=/R$!/!'$-'$!*)!\=/(!(=$!

P5/4@BP*W!8,!/59*+0(=.!0'!;*0-9O!

!

8'! ;0'4&''$;! $/+50$+! 0-! (=$! ,-(+*;&4(*+Q! '$4(0*-! *)! *&+! +$']*-'$:!

]+*]+0$(/+Q! P5/4@BP*W! /59*+0(=.'! /+$! '*.$(0.$'! &'$;! (*! ./@$! 4+$;0(!

;$40'0*-'O! #$9&5/(*+'! =/R$! &'$;! 5*90'(04! +$9+$''0*-'! (*! $R/5&/($! '&4=!

P5/4@BP*W! ;$40'0*-'O! c=$! &'$! 5*90'(04! +$9+$''0*-! =$+$! 0'! /-! $W/.]5$! *)!

&'0-9!/!]+*WQO!A&+!'&++*9/($!0'!/!.*+$!9$-$+/5:!Q$(!)0-$+!;$(/05$;!P$']*@$!

$R/5&/(0*-!*)!8,!+$'&5('O!



! KC!

2"$,(3.#%+&4%J=/(!/+$!(=$!+0'@'!(=/(!8,!4/-!P$!P0/'$;!/-;r*+!+$'&5(!0-!

;0'4+0.0-/(0*-!*-!]+*=0P0($;!P/'$'f!8+$!(=$+$!$))$4(0R$!\/Q'!(*!+$;&4$!

+0'@!*)!;0'4+0.0-/(0*-:!\=$(=$+!;&+0-9!;$R$5*].$-(:!R/50;/(0*-:!

+$R0'0*-:!/-;r!*+!&'$f!J=/(!/+$!'*.$!*)!(=$!P/++0$+'!(*!*+!50.0(/(0*-'!*)!

(=*'$!.$(=*;'f!!

V&'(!P$4/&'$!8,!0-]&(!B!*&(]&(!'(/(0'(04'!/]]$/+!(*!P$!P0/'$;!;*$'-6(!

-$4$''/+05Q!.$/-!(=$!8,!/59*+0(=.!0'!P0/'$;O!!8-!8,!'&++*9/($!./Q!+$R$/5!

)*+!$W/.]5$!(=$!/59*+0(=.!]$+!'$!0'!-*(!P0/'$;!P&(!(=$!;/(/!0('$5)!0'!

P0/'$;O!!

!

8!'09-0)04/-(!P/++0$+!*+!50.0(/(0*-!0'!(=/(!0(!4/-!P$!;0))04&5(!(*!;$)0-$!\=/(!

0'!$0(=$+!P0/'$;!*+!)/0+O!!3/0+-$''"E!;$]$-;'!*-!'*40$(/5!-*+.':!$(=04'"S!

/-;!P$-$)0('!(*!'*40$(QO"T!3*+!$W/.]5$:!8,!.*;$5'!\=04=!]+*)05$!4$+(/0-!

                                                
14 Fairness and bias like beauty is in the eye of the beholder. 

!
"S!7'$)&5!;0'4&''0*-'!*-!8,!$(=04'!0-45&;$1 

•! LaPlante, A., (2019),’Ethics and Artificial Intelligence in Finance’, Global Risk 

Institute (GRI)  

Weldon, D., (April 18 2019),” Understanding the key role of ethics in artificial 

intelligence, available at:  
https://www.dig-in.com/news/understanding-the-key-role-of-ethics-in-artificial-intelligence 

!
"T!#&''$55!IO!`2*.]&($+!I40$-4$!?0R0'0*-:!7-0R$+'0(Q!*)!2/50)*+-0/:!X$+@$5$Qb!28!FEHCD:!?$\$Q!?O!

`?$](O!*)!G=Q'04'!e!<,c!o/R50!,-'(0(&($:!</''/4=&'$(('!,-'(0(&($!*)!c$4=-*5*9Q:!2/.P+0;9$:!<8!

DC"KFb:!c$9./+@:!<O!`AW)*+;!7-0R$+'0(Q:!"TB"H!I(O!LPP$6'!'(+O:!AW)*+;!Ad"!"Gc!7ob:!

`CD"Sb:6#$'$/+4=!G+0*+0(0$'!)*+!#*P&'(!/-;!X$-$)040/5!8+(0)040/5!,-($5509$-4$6:!

/-;!3&(&+$!*)!p&./-0(Q!,-'(0(&($6O!8,!</9/_0-$:KT:!N*O!E!



! KK!

'$9.$-('!*)!'*40$(Q!./Q!4*-)504(!\0(=!'*40$(/5!-*+.'O!L(=04/5!0''&$'!

4+$/($!&-0%&$!4=/55$-9$'O!3*+!$W/.]5$:!Y**95$!/]]*0-($;!/-!$(=04'!

4*..0(($$!4*&-405!(*!;$/5!\0(=!$(=04/5!0''&$'!0-!8,!P&(!0(!/55!)$55!/]/+("HO!!

!

2"$,(3.#%+54%c*!\=/(!$W($-(!;*!.*;$5!+0'@!./-/9$.$-(!]+0-40]5$'!/-;!

]+/4(04$'!/0;!*+!0-=0P0(!$R/5&/(0*-'!*)!8,BP/'$;!4+$;0(!;$($+.0-/(0*-!

/]]+*/4=$'!)*+!4*.]50/-4$!\0(=!)/0+!5$-;0-9!5/\'f!!

2&++$-(!+$9&5/(0*-!*)!+0'@!./-/9$.$-(!'*)(\/+$!0'!]+$;04/($;!]+0./+05Q!

*-!'(/(04!4*;$!(=/(!;*$'!-*(!5$/+-!/-;!$R*5R$!50@$!'*.$!8,!/59*+0(=.'O!

8'!]*0-($;!*&(!$/+50$+:!'&++*9/($'!$-/P5$!&'!(*!&-;$+'(/-;!\=/(!/!

P5/4@BP*W!0'!;*0-9!/'!\$55!/'!(*!.*-0(*+!;Q-/.04!&];/(0-9!/-;!./-/9$!

8,!.*;$5!+0'@O!

G/+'0.*-Q!/'0;$!\$!-$$;!(*!/;;+$''!(=$!)/0+!/]]504/(0*-!*)!8,!P/'$;!

4+$;0(!.*;$5'O!I(/(0'(04/5!.*;$5'!/+$!'*.$(0.$'!&'$;!)*+!]+*)050-9!"MO!

                                                

!
"H!X$+9$-:!<O:!o/=-:!VO!/-;!?$!ZQ-4@:!YO:!`8]+05!":CD"Fb:!Y**95$!8,!L(=04'!2*&-405!0'!3/550-9!8]/+(!

8)($+!/!J$$@k:!/R/05/P5$!/(1!!

=((]'1rr\\\OP5**.P$+9O4*.r-$\'r/+(045$'rCD"FBDEBD"r9**95$B'BP+/-;B-$\B/0B$(=04'B4*&-405B

0'B/5+$/;QB)/550-9B/]/+(  

 
"M!3*+!$W/.]5$:!'%&/+$!+**(!P0/'$;!'/.]50-9!=/'!P$$-!/;R*4/($;!(*!'4+$$-!)*+!($++*+0'.O!I$$!

L;.*-;':!?O!^?*$'!G+*)050-9!./@$!'$-'$B*+!0'!0(!&-)/0+f6:!XX2!N$\':!/R/05/P5$!/(!!

=((]'1rr\\\OPP4O4*.r-$\'r'(*+0$'BECKCMHTE!!!

!!!c=$!/+(045$!;0'4&''$'!'*.$!*)!(=$!(+/;$*))'!0-R*5R$;O!A-4$!/9/0-:!\$!4*.$!P/4@!(*!(=$!

4*..*-'!]+*P5$.O!



! KE!

<*;$5'!(*!)0-;!)0'=!5$/;!(*!)0'=0-9!\=$+$!(=$+$!0'!/!=09=!]+*P/P050(Q!*)!

)0-;0-9!)0'=!P&(!(=$+$!./Q!P$!'$+0*&'!$-R0+*-.$-(/5!4*-'0;$+/(0*-'O!!8,!

/59*+0(=.'!/5+$/;Q!=/R$!P$$-!)*&-;!(*!]$+]$(&/($!=&./-!P0/'$'!*+!

5$R$+/9$!&-'$$-!%&0+@'!0-!;/(/O!!I*:!0-!/;;0(0*-!(*!(=$!]/+'0.*-0*&'!

4=*04$!*)!\=04=!.*;$5'!(*!&'$:!4+0(04/5!/''$''.$-(!*)!(=$0+!)/0+-$''!0'!

0.]*+(/-("FO!

2"$,(3.#%+64%8'!]/+(!*)!(=$0+!4*.]50/-4$!./-/9$.$-(!'Q'($.':!

)0-/-40/5!0-'(0(&(0*-'!./Q!4*-;&4(!)/0+!5$-;0-9!+0'@!/''$''.$-('!PQ!&'0-9!

.*;$5'!;$'09-$;!(*!$R/5&/($!)/0+!5$-;0-9!+0'@'!`^^)/0+!5$-;0-9!+0'@!

/''$''.$-(!.*;$5'66bO!J=/(!4=/55$-9$':!0)!/-Q:!;*!)0-/-40/5!0-'(0(&(0*-'!

)/4$!\=$-!/]]5Q0-9!0-($+-/5!.*;$5!+0'@!./-/9$.$-(!]+0-40]5$'!/-;!

]+/4(04$'!(*!(=$!;$R$5*].$-(:!R/50;/(0*-:!*+!&'$!*)!)/0+!5$-;0-9!+0'@!

/''$''.$-(!.*;$5'!P/'$;!*-!8,f!!

8!@$Q!4=/55$-9$!0'!(*!;$R$5*]!/!+*/;!./]!(*!]/+'0.*-Q!\=$-!&'0-9!/-!8,!

.*;$5!(*!$R/5&/($!)/0+!5$-;0-9!+0'@'O!3*+!$W/.]5$:!

"O!?0;!\$!P&05;!(=$!+09=(!8,!.*;$5f!!

                                                

!
"F!3/0+-$''!0'!P&(!*-$!*)!./-Q!$(=04/5!4*-4$+-'O&#$'$/+4=$+'!'/Q!&'$!*)!/+(0)040/5!0-($5509$-4$!0-!

.$;040-$!+/0'$'!$(=04/5!%&$'(0*-'O!3*+!$W/.]5$:!I(/-)*+;!+$'$/+4=$+'!;0'4&''!(=$!$(=04/5!

0.]504/(0*-'!*)!&'0-9!./4=0-$B5$/+-0-9!(**5'!0-!./@0-9!=$/5(=!4/+$!;$40'0*-'!)*+!]/(0$-('!!

I$$!p/--*-:GO:`</+4=!"E:CD"Mb:!^#$'$/+4=$+'B'/QB&'$B*)B/0B0-B.$;040-$B+/0'$'B$(=04/5B

%&$'(0*-'6:!/R/05/P5$!/(!=((]'1rr.$;O'(/-)*+;O$;&r-$\'r/55B-$\'rCD"MrDKr+$'$/+4=$+'B'/QB&'$B

*)B/0B0-B.$;040-$B+/0'$'B$(=04/5B%&$'(0*-'O=(.5!



! KS!

•! 2/+$)&55Q!/+(04&5/($!(=$!]+*P5$.!'(/@$=*5;$+'!\0'=!(*!'*5R$!

•! ,;$-(0)Q!45$/-!'*&+4$'!*)!;/(/!(=/(!4/-!P$!&];/($;!!

•! ,-4*+]*+/($!)/0+!5$-;0-9!+0'@!4*-'0;$+/(0*-'!!!

•! 2=$4@!(=$!+$'&5('!/+$!)0(!)*+!]&+]*'$!!

CO!?0;!\$!P&05;!(=$!8,!.*;$5!+09=(f!

!

KO!J=/(!0'!8,!.*;$5!+0'@f!!

•! a&/-(0)Q!(=$!+/-9$!;0'4+$]/-4Q!P$(\$$-!.*;$5!+$'&5('!/-;!*P'$+R$;!

*&(4*.$'!!

•! a&/-(0)Q!(=$!0.]/4(!*)!8,!.*;$5!+0'@!(=+*&9=!'(+$''!($'('!

•! ,;$-(0)Q!(=$!.*;$5!50.0(/(0*-':!0-45&;0-9!(=$!50.0(/(0*-'!(*!0-4*+]*+/($!

4*+]*+/($!)/0+!5$-;0-9!+0'@!4*-'0;$+/(0*-'!!!

EO! ,'!(=$!8,!.*;$5!\*+@0-9!/'!/-(040]/($;f!!

•! G$+0*;04/55Q!P/4@!($'(!(=$!.*;$5!!

•! 7];/($!(=$!.*;$5!]/+/.$($+0_/(0*-!/)($+!'&))040$-(!-$\!;/(/!/++0R$'O!

8-!8,!.*;$5!0'!-*(!-$4$''/+05Q!'(/(04!/-;!./Q!$R*5R$O!8'!]+$R0*&'5Q!

;0'4&''$;!0-!a&$'(0*-!M:!/!4+0(04/5!]*0-(!0-!(=$!4/'$!*)!.*;$5'!\=04=!

]+*R0;$!;Q-/.04!&];/($'!0'!(=/(!Q*&!-$$;!(*!P$!/P5$!(*!;$($4(!(=$!

&];/($:!&-;$+'(/-;!\=Q!/-!&];/($!\/'!./;$!/'!\$55!/'!$W/.0-$!(=$!



! KT!

4*-'$%&$-4$'!*)!(=$!&];/($O!I&++*9/($!'*5&(0*-'!$-/P5$!;$'0+$;!

(+/-']/+$-4Q!!

•! #$R0$\!.*;$5!/''&.](0*-'O!,)!(=$+$!0'!-*!&-;$+5Q0-9!(=$*+Q!)*+!(=$!

8,!.*;$5!+$'&5(':!'&++*9/($'!*)!'&4=!P5/4@!P*W$'!4/-!=$5]!&'!.*-0(*+!

]*($-(0/5!4=/-9$!/-;!=$5]!&'!P$(($+!.0(09/($!.*;$5!+0'@!!

•! ,)!(=$!.*;$5!;*$'!-*(!\*+@!/'!/-(040]/($;!(=$-!\=04=!.*;$5!;*!,!&'$!

2"$,(3.#%+94%c=$!L%&/5!2+$;0(!A]]*+(&-0(Q!84(!`L2A8b:!\=04=!0'!

0.]5$.$-($;!PQ!#$9&5/(0*-!X:!+$%&0+$'!4+$;0(*+'!(*!-*(0)Q!/-!/]]504/-(!

*)!(=$!]+0-40]/5!+$/'*-'!)*+!(/@0-9!/;R$+'$!/4(0*-!)*+!4+$;0(!*+!(*!

]+*R0;$!/-!/]]504/-(!/!;0'45*'&+$!*)!(=$!+09=(!(*!+$%&$'(!(=*'$!+$/'*-'O!

J=/(!/]]+*/4=$'!4/-!P$!&'$;!(*!0;$-(0)Q!(=$!+$/'*-'!)*+!(/@0-9!/;R$+'$!

/4(0*-!*-!/!4+$;0(!/]]504/(0*-:!\=$-!8,!0'!$.]5*Q$;f!?*$'!+$9&5/(0*-!X!

]+*R0;$!'&))040$-(!45/+0(Q!)*+!(=$!'(/($.$-(!*)!+$/'*-'!)*+!/;R$+'$!/4(0*-!

\=$-!8,!0'!&'$;f!,)!-*(:!]5$/'$!;$'4+0P$!0-!;$(/05!/-Q!*]]*+(&-0(0$'!)*+!

45/+0(QO!!

8'!;0'4&''$;!0-!a&$'(0*-!"":!0)!/!]+*]+0$(/+Q!P5/4@BP*W!/59*+0(=.!0'!

P$0-9!&'$;!(*!./@$!/!4+$;0(!;$40'0*-!(=$-!0('!'&++*9/($!4/-!P$!&'$;!PQ!

R$-;*+!/-;!/]]504/-(!/50@$!(*!*]$-5Q!/-;!)/0+5Q!/''$''!+$/'*-'!)*+!

/;R$+'$!/4(0*-O!

!



! KH!

855!.*;$5'!/+$!4/50P+/($;!*-!'*.$!(+/0-0-9!;/(/!/-;!(=$-!($'($;!*-!/!

'$]/+/($!R/50;/(0*-!;/(/!'$(O!8,!/59*+0(=.!4/50P+/(0*-!0'!\$55!@-*\-!(*!

P$!'$-'0(0R$!(*!(=$!(+/0-0-9!;/(/O!<*+$*R$+:!0-!(=$!/P'$-4$!*)!/-!

&-;$+5Q0-9!(=$*+Q!*)!\=/(!/-!8,!/59*+0(=.!0'!.*;$50-9:!\$!-$$;!

'&++*9/($!)&-4(0*-'!(*!./@$!'$-'$!*)!\=/(!/-!8,!/59*+0(=.!0'!;*0-9O!,-!

*+;$+!(*!4/54&5/($!/!'&++*9/($!)&-4(0*-:!\$!-$$;!/!+$]+$'$-(/(0R$!

'/.]5$!*)!0-]&(!*&(]&(!]/0+'!)+*.!(=$!8,!/59*+0(=.O!!J$!+$4*..$-;!

(=/(!#$9!X!'=*&5;!$W]5040(5Q!4/55!)*+!./@0-9!/R/05/P5$!'&4=!'/.]5$'!)*+!

(=0+;!]/+(Q!'4+&(0-Q!0-!*+;$+!(*!/;;+$''!(=$!)/0+!&'$!*)!8,!/59*+0(=.'O!

o$+-$5!'&++*9/($'!/+$!(=$!'4/5$'!*)![&'(04$!)*+!(=$!)/0+!&'$!*)!8,O!!

!

<UA&@44#(#'03.&*'07#4%-3(#'07&FC/%7(#'07&SL&304&SPG&

<*;$5!+0'@:!(=$!;0'4+$]/-4Q!P$(\$$-!.*;$5!]+$;04(0*-'!/-;!/4(&/5!

*&(4*.$':!0'!-*(!/!-$\!0''&$O!p*\$R$+:!0-!(=$!4/'$!*)!$.$+90-9!8,!

/59*+0(=.':!(\*!-$\!4*-'0;$+/(0*-'!/+0'$O!30+'(:!(=$+$!0'!'(055!-*!

4*-'$-'&'!*-!/!./(=$./(04/5!)*&-;/(0*-!)*+!8,O!I$4*-;5Q:!(=$+$!0'!

*)($-!/!P5/4@!P*W!-/(&+$!(*!8,!/59*+0(=.':!0-!(=/(!/5(=*&9=!\$!4/-!

/+(04&5/($!(=$!'($]'!(/@$-!PQ!/-!/59*+0(=.!\$!'(055!./Q!-*(!@-*\!\=/(!0(!

0'!;*0-9O!N*-$(=$5$''!(=$'$!-$\!4=/55$-9$'!'=*&5;!-*(!;0''&/;$!&'!

)+*.!(=$0+!]*($-(0/5!/;*](0*-O!J$![&'(!-$$;!(*!P$!/'!0-)*+.$;!/'!



! KM!

]*''0P5$!/'!\$!/55!5$/+-O!c$4=-*5*9Q!\055!/5\/Q'!$R*5R$!/'!0(!=/'!;*-$!

P$)*+$O!

2"$,(3.#%+:4%c*!(=$!$W($-(!-*(!/5+$/;Q!;0'4&''$;:!]5$/'$!0;$-(0)Q!/-Q!

/;;0(0*-/5!&'$'!*)!8,!PQ!)0-/-40/5!0-'(0(&(0*-'!/-;!/-Q!+0'@!./-/9$.$-(!

4=/55$-9$'!*+!*(=$+!)/4(*+'!(=/(!./Q!0.]$;$!/;*](0*-!/-;!&'$!*)!8,O!!

LW]5/0-/P5$!8,!P/'$;!*-!=$&+0'(04'!*+!'(/(0'(04/5!4*++$5/(0*-'!5/4@!

$W]5/-/(0*-!*)!4/&'/(0*-O!!</(=$./(04/5!8,!'&++*9/($'!*-!(=$!*(=$+!

=/-;!P$=/R$!/'!0)!(=$Q!\$+$!(=$!8,!/59*+0(=.!*-!(=$!;/(/!'/.]5$!/-;!

=/R$!@-*\-!]+*R/P5$!]+*]$+(0$'!(*!=$5]!&'!&-;$+'(/-;!\=/(!/-!8,!

P5/4@BP*W!0'!;*0-9:!/'!\$55!/'!$W/.0-$!\=/(B0)'O!,)!/-!8,!/59*+0(=.!0'!

$W]$-'0R$!(*!4*.]&($!*+!(0.$!4*-'&.0-9!(=$-!0('!'0.]5$+!'&++*9/($!4/-!

P$!&'$;!0-!50$&O!!

!

I(+$''!($'(0-9!8,!.*;$5'!0'!/-*(=$+!4=/55$-9$O!8'!.$-(0*-$;!$/+50$+:!

N*+R09CD!=/'!+$4*..$-;$;!'(+$''!($'(0-9!8,!/59*+0(=.'!+/(=$+!(=/-!

(+Q0-9!(*!0-($+]+$(!(=$.O!!!I4$-/+0*!/-/5Q'0'!]*'0(!tJ=/(!0)t!'4$-/+0*'!

(=/(!*)($-!09-*+$!]5/&'0P050(Q:!P&(!'$+R$!(=$!]&+]*'$!*)!$.]0+04/55Q!

$W/.0-0-9!(=$!$))$4(!*)!0-]&('!*-!8,!.*;$5!+$'&5('O!!!

                                                

CD!#&''$55:!IO!N*+R09!GO:!`CD"Db:6!8+(0)040/5!,-($5509$-4$!8!<*;$+-!8]]+*/4=:%;)3-<%=<3(3.#>?%

@.#(-3A"(3#/%B-3($-,1!L+-$'(!?/R0':!?*&95/'!?O!L;\/+;':!?/R0;!3*+'Q(=:!N04=*5/'!VO!p/Q:!V0($-;+/!

<O!</50@:!Z0P=&!<0((/5:!<$=+/-!I/=/.0:!I$P/'(0/-!c=+&-!`G+$-(04$!p/55b!!



! KF!

!

I4$-/+0*'!9$-$+/($;!PQ!./4+*$4*-*.04!.*;$5'!(=$.'$5R$'!/+$!'&P[$4(!

(*!.*;$5!+0'@O!!I4$-/+0*'!/+$!*)($-!P/'$;!*-!/-!/+P0(+/+Q!4*.P0-/(0*-!*)!

'(+$''!'=*4@'O!c=$!;/-9$+!0'!(=/(!./-Q!'&4=!4*.P0-/(0*-'!./Q!P$!

0-4*-'0'($-(!\0(=!(=$!P/'04!5/\'!*)!$4*-*.04'O!!,(!0'!0.]*+(/-(!(*!

$W/.0-$!(=$!4=/0-!*)!$R$-('!0-!(=$!'4$-/+0*!/-;!./@$!'&+$!(=/(!0(!

./@$'!$4*-*.04!'$-'$O!3*+!$W/.]5$:!(=$!'4$-/+0*!./Q!R0*5/($!-*B

/+P0(+/9$!4*-;0(0*-'O!!

!!!

!c=$!]*($-(0/5!-&.P$+!*)!P/'04!'(+$''!'=*4@'!0'!$-*+.*&'O!,-!]+/4(04$:!

*-5Q!/!+$5/(0R$5Q!'./55!-&.P$+!*)!'4$-/+0*'!4/-!P$!+*&(0-$5Q!/-/5Q_$;O!

c=0'!.$/-'!(=/(!(=$!'4$-/+0*'!=/R$!(*!P$!'$5$4($;!/44*+;0-9!(*!(=$!

R&5-$+/P050(0$'!*)!(=$!]/+(04&5/+!]*+()*50*O!c=$!&'$)&5-$''!/-;!/44&+/4Q!

*)!(=$!;0/9-*'0'!(=/(!$.$+9$'!*&(!*)!(=$!'4$-/+0*!/-/5Q'0'!;$]$-;'!*-!

(=$![&;9.$-(!/-;!$W]$+0$-4$!*)!(=$!/-/5Q'('!\=*!;$'09-!/-;!+&-!(=$'$!

'4$-/+0*'O!!

2"$,(3.#%+74%c*!(=$!$W($-(!-*(!/5+$/;Q!;0'4&''$;:!]5$/'$!0;$-(0)Q!/-Q!

P$-$)0('!*+!+0'@'!(*!)0-/-40/5!0-'(0(&(0*-'6!4&'(*.$+'!*+!]+*']$4(0R$!

4&'(*.$+'!)+*.!(=$!&'$!*)!8,!PQ!(=*'$!)0-/-40/5!0-'(0(&(0*-'O!G5$/'$!

]+*R0;$!/-Q!'&99$'(0*-'!*-!=*\!(*!./W0.0_$!P$-$)0('!*+!/;;+$''!/-Q!

0;$-(0)0$;!+0'@'O!!



! ED!

c=$!450-04/5!$R/5&/(0*-!*)!;+&9'!0'!'(/(0'(04/5!/-;!\$!*)($-!;*!-*(!

/4(&/55Q!&-;$+'(/-;!(=$!&-;$+5Q0-9!.$4=/-0'.!*)!=*\!/!;+&9!\*+@'!*-!

/!P*;QO!N$R$+(=$5$'':!\$!'*.$(0.$'!&'$!(=0-9'!\$!;*-6(!)&55Q!

&-;$+'(/-;O!J$!'=*&5;!5$/+-!)+*.!(=$!4&++$-(!/-;!]*($-(0/5!/]]504/(0*-!

*)!8,!0-!*(=$+!0-;&'(+0$'!'&4=!/'!.$;040-$!/-;!/]]5Q!(=$.!(*!P/-@0-9O!!

&

3*+!$W/.]5$:!(=$!3?8!=/'!4/55$;!)*+!;0'4&''0*-!*)!/59*+0(=.!4=/-9$!

]+*(*4/5!P$4/&'$!8,!/59*+0(=.'!5$/+-!/-;!;Q-/.04/55Q!

&];/($C"O!!I&++*9/($!)&-4(0*-'!*))$+!/!\/Q!(*!&-;$+'(/-;!\=/(!P5/4@B

P*W!/59*+0(=.'!0-!.$;040-$!/+$!;*0-9!/-;!.*-0(*+!.*;$5!;+0)(!'*!/'!(*!

./-/9$!(=$!.*;$5!+0'@!*)!;Q-/.04!&];/(0-9O!

!

30R$!+$4*..$-;/(0*-'!)*+!(=$!/;*](0*-!*)!8,!!PQ!.$;040-$!/+$!;$'4+0P$;!

P$5*\CCO! 2*..$-('! 0-! ]/+$-(=$'$'! /+$! +0'@!.0(09/(0*-! /4(0*-'! (*! (/@$!

(=/(!/+$!P/'$;!*-!*&+!9$-$+04!.*;$5!/]]+*/4=CKO!!A-$!;*$'-6(!=/R$!(*!

                                                
C"!I$$!8+(0)040/5!,-($5509$-4$!/-;!</4=0-$!>$/+-0-9!`8,r<>bBX/'$;!I*)(\/+$!/'!/!<$;04/5!?$R04$!

`I/<?b!84(0*-!G5/-:!V/-&/+Q!CDC":!3?8!7I!3**;!/-;!?+&9!8;.0-0'(+/(0*-!2$-($+!)*+!?$R04$'!

/-;!#/;0*5*904/5!p$/5(=!!

 
22 A6#$055Q:LO:!`3$P!C":!CD"Fb:!hI40$-(0'('!4/55!)*+!+&5$'!*-!$R/5&/(0-9!]+$;04(0R$!8,!0-!.$;040-$6:!

/R/05/P5$!/(!=((]'1rr\\\O/W0*'O4*.r$R/5&/($B]+$;04(0R$B/+(0)040/5B0-($5509$-4$B.$;040-$B

TT/FMPT$BHHDCBE/P)BMF44BCEKD/S$KPK/DO=(.5 
!
23  Nan Tie, G. and Mark, R.,Sept 2020, ‘Parsimony: A Model Risk Paper’, Professional Risk 

Managers’ International Association available at           
https://prmia.org/PRMIAInstitute/Resources/Papers/Parsimony_-_A_Model_Risk_Paper 

 
!



! E"!

+$4+$/($! (=$!\=$$5O! I&++*9/($! )&-4(0*-'! /]]5Q! (*! +$4*..$-;/(0*-'! E!

/-;!SO!&

"O!V%30#0B"/.&%04,'#0(7!(=/(!]+*R0;$!450-04/5!P$-$)0(!)+*.!

/59*+0(=.'!'=*&5;!P$!+09*+*&'5Q!R/50;/($;!PQ!(=$!3?8!`3**;!/-;!

?+&9'!8;.0-0'(+/(0*-b:!'&4=!/'!;*\-'(+$/.!*&(4*.$'!50@$!*R$+/55!

'&+R0R/5!*+!450-04/55Q!+$5$R/-(!.$(+04'!50@$!(=$!-&.P$+!*)!

.0';0/9-*'$'O!!

i25$/+5Q!/+(04&5/($!(=$!]+*P5$.!Q*&!/+$!(+Q0-9!(*!'*5R$Oj!

CO!@,,-',-#3(%&N%0$)+3-O7&'=*&5;!P$!;$($+.0-$;:!'0.05/+!(*!(=$!

+$4$-(!$W/.]5$!*)!(=$!3?8!/]]+*R0-9!Z0_O8,CE!/)($+!0(!\/'!/P5$!(*!

;0/9-*'$!'(+*@$'!*-!4*.]&($;!(*.*9+/]=Q!0./90-9!.*+$!+/]0;5Q!

(=/-!-$&+*+/;0*5*90'('O!!

i2/-!(=$!/59*+0(=.!+$]+*;&4$!@-*\-!+$'&5('fj!

KO!M3-#3N.%&#0,/(&7,%$#"#$3(#'07&'=*&5;!P$!45/+0)0$;!)*+!/55!

0-'(0(&(0*-':!'&4=!/'!;$)0-0-9!0-]&('!)*+!$5$4(+*-04!=$/5(=!+$4*+;'!

'*!+$'&5('!/+$!+$50/P5$!/4+*''!0-'(0(&(0*-'O!859*+0(=.'!'=*&5;!P$!

(+/0-$;!*-!;/(/!'*&+4$'!)+*.!/'!P+*/;5Q!+$]+$'$-(/(0R$!

                                                

!
CE!Z0_O8,CE!0'!/!;$$]B5$/+-0-9!/59*+0(=.!)*+!;0/9-*'0-9!'(+*@$'O!



! EC!

]*]&5/(0*-'!/'!]*''0P5$!'*!(=$Q!/+$!9$-$+/50_/P5$!/4+*''!/55!

]*]&5/(0*-'O!!

i2*-;&4(!]$+(&+P/(0*-!/-;!'(+$''!/-/5Q'$'!(*!/''$''!/59*+0(=.!

+*P&'(-$''!(*!;/(/!R/+0/(0*-Oj!

EO!5/#430$%&'0&,'77#N.%&#0(%-6%0(#'07!(=/(!\*&5;!P$!4*--$4($;!(*!

/-!/59*+0(=.t'!)0-;0-9'!(*!0.]+*R$!]/(0$-(!4/+$!'=*&5;!P$!

4*-'0;$+$;O!!

i2/-!*-$!0;$-(0(Q!\=$+$!(=$!/59*+0(=.!0'!-*(!\*+@0-9f!!

3*+!$W/.]5$:!(=$!;/(/!0'1!

•! -*(!+$]+$'$-(/(0R$!!

•! P0/'$;!!

•! 4*++&]($;!

/-;!(=$!/59*+0(=.!0'1!

•! '$-'0(0R$!(*!4/50P+/(0*-!!

•! '*5R0-9!(=$!\+*-9!]+*P5$.!!

•! -*(!]/+'0.*-0*&'j!

!!!!!!!!!



! EK!

SO!9/0&-#B'-'/7&3/4#(7!/)($+!/-!3?8!45$/+/-4$!*+!/]]+*R/5!*)!/!;+&9!

0-!*+;$+!(*!4=$4@!]$+0*;04/55Q!*-!=*\!(=$!-$\!R/+0/P5$'!(=/(!\$+$!

0-(+*;&4$;!!!R0/!/!;$$]B5$/+-0-9!/59*+0(=.!/+$!]$+)*+.0-9O!c=$!

;$$]!5$/+-0-9!/59*+0(=.!./Q!P$4*.$!/!5$''!]/+'0.*-0*&'!4=*04$!

*R$+!(0.$O!3*+!0-'(/-4$:!+$9&5/+!/&;0('!4*&5;!)0-;!(=$!/59*+0(=.!

=/;!/!'Q'($./(04!P0/'!/9/0-'(!4$+(/0-!9+*&]'!/)($+!P$0-9!;$]5*Q$;!

/4+*''!5/+9$!]*]&5/(0*-'O!c=0'!4*&5;!P$!(+/4@$;!0-!/!./--$+!'0.05/+!

(*!(=$!4&++$-(!3?8!I$-(0-$5!,-0(0/(0R$!]+*9+/.!)*+!/]]+*R$;!;+&9'!

/-;!;$R04$'O!!!!!!!

W,)!(=$!0-0(0/5!/59*+0(=.!4=*04$!\/'!]/+'0.*-0*&'!/-;!)0(!)*+!]&+]*'$!

(=$-!\$!./Q!)0-;!(=/(1!!

•! 40+4&.'(/-4$'!4/-!4=/-9$!!

•! -$$;'!4/-!4=/-9$!!

•! ;/(/!4/-!4=/-9$!

•! (=$*+$(04/5!0-'09=(!4/-!4=/-9$!!

,-!'&../+Q:!/'!-$$;'!$R*5R$!/59*+0(=.!]$+)*+./-4$!-$$;'!(*!P$!

.*-0(*+$;!/-;!0-($+R$-(0*-!/-(040]/($;j!!

!

&

&



! EE!

;A&*'0$./4#0B&$'++%0(7&

!

,-(&0(0R$5Q:!/!\/Q!(*!(=0-@!*)!*&+!'&++*9/($!)&-4(0*-'!0'!(=/(!(=$Q!'(0(4=!

(*9$(=$+!5*4/5!@$+-$5!/]]+*W0./(0*-'!0-(*!/!'.**(=!95*P/5!%&05(!(=/(!0'!

;$'09-$;!(*!]/+'0.*-0*&'5Q!/]]+*W0./($!P5/4@BP*W!/59*+0(=.!

+$'&5('O!!c=0'!0'!\=Q!\=$-!/!P5/4@BP*W!0'!$R/5&/($;!/(!/!-$\!*&(!*)!

'/.]5$!;/(/!]*0-(:!(=$!'&++*9/($!4/-!(0$!P/4@!(*!\=04=!;/(/!]*0-('!0-!

'/.]5$!4*-(+0P&($;!]*'0(0R$5Q!/-;!-$9/(0R$5Q!(*!(=$!*&(4*.$O!!!

!

?*./0-!$W]$+('!4/-!(=$-!0-($+]+$(!/-;!/((+0P&($!'09-0)04/-4$!(*!(=$'$!

4*-(+0P&(0*-':!0-!(+Q0-9!(*!./@$!'$-'$!*)!\=/(!(=$!P5/4@BP*W!0'!

;*0-9O!!c=$!'&++*9/($!4*&5;!/5'*!+$R$/5!(=$!P5/4@BP*W!;*$'-6(!./@$!

'$-'$:!*+!0'!0-4*-'0'($-(:!*+!$R$-!P0/'$;O!7-50@$!'(/(0'(04/5!($'('!P/'$;!

*-!4*++$5/(0*-:!@$+-$5!'&++*9/($!)&-4(0*-'!/+$!;$($+.0-0'(04!/-;!4/&'/5O!

N*!]+*P/P050(Q!;0'(+0P&(0*-!/''&.](0*-'!/+$!-$$;$;!\=$-!&'0-9!@$+-$5!

'&++*9/($'!(*!&-;$+'(/-;!8,!+$'&5('O!

!

c=$!+$9&5/(*+Q!4*..&-0(Q!=/'!P$$-!0-4+$/'0-95Q!4*-4$+-$;!/P*&(!8,!

+0'@!.*;$5'!P$4*.0-9!(**!$5/P*+/($CS!`$O9O!*R$+5Q!'$-'0(0R$!(*!(=$!

                                                
25 2&+(*:!2O:!`</Q:CD"Kb:6G=Q'04/5!/-;!</(=$./(04/5!G+0-40]5$'!*)!X+/0-!I(+&4(&+$'!/-;!3&-4(0*-!

J*+@'=*]:!/R/05/P5$!/(!!!=((]1rr\\\O]$+'*-/5O]'&O$;&r4]4"Tr2&+(*B\=0($]/]$+BCD"KO];)!!
Discusses how complicated models impede parsimonious explanation. 

!

!



! ES!

$.P$;;$;!/''&.](0*-'!\=04=!P+$/@!;*\-!0-!0-4+$/'0-95Q!.*+$!R*5/(05$!

./+@$('bO!!

!

A-!(=$!*(=$+!=/-;:!(=$+$!./Q!P$!/!+0'@!(=/(!(=$!+$9&5/(*+Q!4*..&-0(Q!

;0'4*&+/9$'!(=$!;$R$5*].$-(!*)!.*+$!/;R/-4$;!.*;$5'!PQ!.*R0-9!

(*\/+;!'0.]5$!'(/-;/+;0_$;!.*;$5'!(*!.$/'&+$!(=$!/.*&-(!/(!+0'@O!8!

'0.]5$!+&5$!*)!(=&.P!5/4@'!/!4*=$+$-(!+/(0*-/5$!)*+!$W(+/]*5/(0*-:!$R$-!

(=*&9=!0(!./Q!P$!P/'$;!*-!(+0/5!/-;!$++*+!$W]$+0$-4$O!!

!

8'!\$!=/R$!;0'4&''$;:!.*;$5!P&05;0-9!0'!/-!0($+/(0R$!5$/+-0-9!]+*4$''!

(=/(!'(/+('!\0(=!45$/+!/+(04&5/(0*-!*)!(=$!]+*P5$.!(*!P$!'*5R$;:!)*55*\$;!

PQ!0;$-(0)04/(0*-!*)!(=$!5$R$5!*)!&-4$+(/0-(Q!0-R*5R$;:!/-;!'*:!\=04=!

(Q]$'!*)!.*;$5'!/-;!0-)$+$-4$!/+$!/]]+*]+0/($!(*!&'$O!!

!

8,!.*;$5'!./Q!+$R$/5!&-'$$-!]/(($+-'!0-!;/(/!P&(!)*+!&-@-*\-!

+$/'*-'O!!X$)*+$!\$!(=+*\!(=$!P/PQ!*&(!\0(=!(=$!P/(=!\/($+:!5$(6'!]/&'$!

/-;!&'$!'&++*9/($'!(*!./@$!'$-'$!*)!\=/(!/-!8,!.*;$5!0'!;*0-9:!'*!/'!(*!

/''$''!)/0+-$''!/-;!P0/'!0-!;$40'0*-!./@0-9O!!G/+'0.*-Q!4*-'0;$+/(0*-'!

(=$-!9&0;$!*&+!.*;$5!'$5$4(0*-!PQ!./@0-9!(=$!(+/;$*))!P$(\$$-!

)/0(=)&5-$''!/-;!]+$;04(0R$-$''O!XQ!;*0-9!'*!\$!4=**'$!/-!8,!.*;$5!

(=/(!0'!)0(!)*+!]&+]*'$!/-;!&-;$+'(/-;!(=$!.*;$5!+0'@!0-R*5R$;O!

!



! ET!

8'!.$-(0*-$;!0-!*&+!0-(+*;&4(0*-:!*&+!@$+-$5!'&++*9/($!)&-4(0*-'!/+$!/!

]/+'0.*-0*&'!4=*04$!*)!/!;/(/!.*;$5!*-!/!!!!']$4(+&.!*)!.*;$5!

4*.]5$W0(Q!(=/(!\$!4/-!$W]5/0-O!A&+!@$+-$5!'&++*9/($!)&-4(0*-'!)/55!

P$(\$$-!'0.]5$!.*;$5'!50@$!50-$/+!+$9+$''0*-:!/-;!4*.]5$W!.*;$5'!50@$!

;$$]!5$/+-0-9!-$(\*+@'O!I&++*9/($'!=$5]!&'!&-;$+'(/-;!\=/(!P5/4@BP*W!

/59*+0(=.'!/+$!;*0-9O!!c=0'!$-/P5$'!/''$''.$-(!*)!)/0+-$''!/-;!P0/':!/'!

\$55!/59*+0(=.!4*.]/+0'*-!/-;!P$-4=./+@0-9O!!I&++*9/($'!$-/P5$!

4*&-($+)/4(&/5!\=/(B0)'!/-;!'(+$''!($'(0-9O!!<*+$*R$+:!'&++*9/($'!

]+*R0;$!4*..*-!9+*&-;!)*+!&'$+':!R$-;*+'!/-;!+$9&5/(*+'!(*!

'Q'($./(04/55Q!R$(!8,!/59*+0(=.'!/-;!.0(09/($!.*;$5!+0'@O 
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